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PREFACE. 

The initiative that led to the production of this work is due to 
Prof. Charles F. Marvin, Chief of the Weather Bureau, who, in 
November, 1913, addressed the following letter to the forecasting 
staff of the bureau: 

Sn: Althoilgh the Weather Bureau has beea succestfnUy forecasting the 
weather ^or many years it is a rather notable fact that scarcely anything has 
been written to explain, more or less fnlly and in detail, the processes by which 
good forecasts can be made, and it is desired to prepare, for the guidance and 
instruction of b^^inners, some sort of textbook or manual covering existing 
knowledge of this important subject. The character of the pubUcation is per- 
haps indicated by the following suggested titles: 

** Theory and Practise of Forecasting the Weather in the United States.** 

*• Manual of Weather Forecasting in the United States." 

" Rules for Forecasting the Weather in the United States.** 

tt is recognised that at the present time even the best forecasting rests upon 
a more or less empirical basis, nevertheless it seems proper to bring together, 
in the pubUcation contemplated, a comprehensive presentation of the knowledge 
and experience of the best forecasters of the Weather Bureau. 

You are, therefore, requested to submit an essay on the subject, setting forth 
according to your own ideas and to the fullest possible extent the general rules 
and considerations that guide you in your forecast work, iUustrating the matter 
by reference to standard types of weather maps, or even by imaginary or repre- 
sentative conditions as shown by weather maps. 

In order that the work may be coordinated as fully as possible the essays 
should perhaps be prepared along certain similar lines, such, for instance, as 
specific rules for making forecasts, either for certain conditions of the weather 
or for certain sections of the country located in some particular area in relation 
to the meteorological conditions. The dlacussion should perhaps treat the sub- 
jects of weather, temperature, storm conditions, frosts, etc, separately, as it 
seems that such a classification would fttcUltate the consolidation of ideas and 
future study of the subject. 

The foregoing are only general suggestions. The chief object is to get from 
those most highly trained in the art the fuUest possible statement of how 
weather forecasts can be made. It is proposed to combine and consoUdate ^the 
information that may be received, and every effort wUl be made to give full 
credit to the individual contributors, either separately, in the case of specific 
rules emanating only from the individual, or severally, where substantially the 
same precepts are expressed by more than one. 

In accordance with thfe foregoing, It is suggested that the subject be treated 
under the foUowing separate headings : 

L Weather and temperature forecasts. 

2. Storm warnings. 

8. Gold waves. 

4. Special frost forecasts for restricted localities. 

8 
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4 PREFACE. 

Furthermore, as actual practice forecasts are made for States and small 
districts, it seems proper that the dLscussion should be related to those geo- 
graphic areas. 
The rendition of the essay requested is optional. 
Very respectfully, 

(Signed) C. F. Maevin, 

Chief of Bureau. 

On August 31, 1914, a board was formed for the purpose of ar- 
ranging the material of the essays received in consequence of the 
above letter in the form of a handbook or manual that could be pub- 
lished and distributed among the officials of the Weather Bureau for 
their guidance in qualifying themselves in the art of forecasting. 

It seemed to the board that the most satisfactory method of ac- 
complishing the desired result, and, indeed, the only feasible one 
that presented itself, would be for the board to undertake through 
the individual efforts of its members the joint preparation of a 
handbook. Such a plan, though it has its limitations and is not 
entirely without objectional features, was approved and the work of 
preparing the different chapters was immediately begun. As these 
were prepared simultaneously, without conference or consultation, 
the work unavoidably lacks the unity of treatment that would have 
resulted from individual authorship. 

The introductory chapters treat of the general circulation of the 
atmosphere. The fourth chapter is devoted to changes in atmos- 
pheric pressure as graphically shown on the auxiliary pressure- 
change charts of the Weather Bureau, and their significance in 
forecasting. In the fifth chapter an att^npt has been made to 
present in a very general way the observed association of weather 
phenomena with the different forms of highs and lows of the 
weather map, and the changes due to a shifting of the relative 
position of these highs and lows with respect to each other. Chap- 
ters VI, Vn, ym, and IX are devoted to the forecasting of special 
phenomena of the weather, such as cold waves, frosts, high winds, 
heavy snow, sleet and ice, storms, fog, and thunderstcMrms. Chapters 
X, XI, and XII are devoted to the forecasting of what may be called 
the daily routine of wind and weather — from a consideration of the 
different weather types that overspread the district 

There will be found throughout a large part of this work more 
or less repetition of the same thought, though perhaps in a slightly 
different setting. While it has been the endeavor of the board to 
present only those precepts upon which there is substantial agree^ 
ment, the discerning reader will doubtless find a few cases in which 
the precepts given may be differently interpreted. In all such cases 
the weather maps alone must be the final arbiter as between the 
deductions of individuals. 
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PREFACE. 5 

The book will be a disappointment to those, if there be such, who 
have formed the expectation that it will solve the difficulties of the 
forecasting problem. The consensus of opinion seems to be that the 
only road to successful forecasting lies in the patient and consistent 
study of the daily weather maps. Wherein the book will be helpful, 
however, is in the fact that it gives the experience of those who have 
gone before, and it is in this sense that it will find its most useful 
application. 

ACKNOWLEDGMENTS. 

The board desires to acknowledge its indebtedness to Prof. Charles 
F. Marvin, whose unfailing support has made the work possible; to 
Prof. William J. Humphreys, who contributed the chapter on the 
^^ General circulation of the atmosphere;'' to the district and the 
local forecasters who contributed essays, and to Mr. Edward C. 
Easton for the excision of many awkward English constructions. 

Acknowledgments are also due to that small group of civilian 
officials, who, with the Army officers that were detailed to duty with 
the Signal Service during the period 1871-1891, were the pioneers of 
weather forecasting in the United States. Gen. Greely, in his work 
on American Weather, has put on record a number of precepts 
deduced from his own experience and observation. With this excep- 
tion, but little has been preserved in printed form of the rules which 
obtained during the early period. Nevertheless, many of the for- 
mulas and precepts of the older art have been commimicated orally 
from the master to the pupil and as thus handed down are now 
doubtless incorporated in transmuted form in the accompanying 
work. 

Alfred J. Henry, 

Chairman, 
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180. Thunderstorm type, low NW., high SE., June 12, 1898-p. (isobara in 

black; isotherms and thunderstorms symbols in red) 276 

181. Thunderstorm type, low NW., high SE., June 13, 1898-p. (isobars in 

black; isotherms and thunderstorms symbols in red) 276 

182. Thunderstorm type, Atlantic high, projecting westward, August 10, 

1905-p. (isobars in black; isotherms and thunderstorms symbols in 
red) 277 

183. Thimderstorm type, Atlantic high, projecting westward, August 11, 

1905-p. (isobars in black; isotherms and thunderstorms symbols in 

red) 277 

184. Thunderstorm type, Atlantic high, projecting westward, August 12, 

1905-p. (isobars in black; isotherms and thunderstorms symbols in 

red) 277 

185. Thimderstorm type, Atlantic high, projecting westward, August 13, 

1905-p. (isobars in black; isotherms and thunderstorms symbols in 
red) 277 
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Chapter XII. 

Page. 

186. iBobars and isotherms, North Pacific, January 327 

187. Isobars and isotherms, North Pacific, July 327 

Figures 188-199. General title, weather maps illustrating the 
movement of highs and lows; Pacific coast; isobars in black; iso- 
therms in red; shaded areas ^24-hour precipitation. 

Illustrating movement of California low: 

188. Weather map, p. m., July 7, 1913, illustrating the movement of highs and 

lows; Pacific coast; isobars in black; isotherms in red ; shaded areas— 
24-hour precipitation 324 

189. Wea,]bher map, a. m., July 8, 1913, illustrating the movement of highs and 

lows; Pacific coast; isobars in black; isotherms in red; shaded areas 

24-hour precipitation 324 

190. Weather map, p. m., July 8, 1913, illustrating the movement of highs and 

lows; Pacific coast; isobars in black; isotherms in red ; shaded areas— 
24-hour precipitation ' 324 

191. Weather map, a. m., July 9, 1913, illustrating the movement of higha and 

lows; Pacific coast; iaobars in black; isotherms in red; shaded areaa 

24-hour precipitation 324 

192. Weather map, p. m., July 9, 1913, illustrating the movement of highs and 

lows; Pacific coast; isobars in black; isotherms in red; shaded areas— 
24-hour precipitation 324 

193. Weather map, a. m., July 10, 1913, illustrating the movement of highs and 

lows; Pacific coast; isobars in black; isothenuB in red; shaded areas 

24-hour precipitation 324 

194. Weather map, a. m., July 11, 1913, illustrating the movement of higha and 

lows; Pacific coast; isobars in black; isotherms in red; shaded areas 

24-houT precipitation 324 

165. Weather map, September 2, 1913, illustialing movement of first low of 

season from North Pacific 329 

196. Weather map, September 3, 1913, illustrating movement of first low of 

season from North Pacific 330 

197 . Weather map, January 23, 1913, illustrating winter chinook 333 

198. Weather map, January 24, 1913, illustrating winter chinook 333 

199. Weather map, July 17, 1912, illustrating simimer chinook 334 
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CHAPTER I. 

INTRODUCTORT NOTE. 

By Prof. C. F. Marvin. 
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The weather map 25 

Cyclonic and antlcyclonlc circula- 
tions 25 



GENERAL PRINOIPIiES AND THEORY OF ATMOSPHERIC MOTIONS. 

Atmospheric circulation, whether manifesting itself, for example, 
in a monsoon or in a gentle lake breeze, is a gravitational phenomenon 
induced and maintained by temperature differences. If there were 
no differences whatsoever in temperature throughout its different 
parts, the atmosphere of the eartii would quickly settle into a state 
of rest relative to the surface of the earth. What is called the cir- 
culation — that is, the winds — ^would cease. The distribution of 
atmospheric pressure would then be tiiat demanded by gravity on a 
rotating globe. In tiie study of the motions of the atmosphere, we 
must not forget that the earth is a rotating globe. The differences 
of temperature in different portions of the atmosphere, however, are 
sometimes very great, and great motions, or winds, are caused there- 
by. This is illustrated by the flow of water between two adjacent 
tanks connected by an upper and a lower pipe and kept at different 
temperatures. Similarly, in the case of the atmosphere, if two adja- 
cent columns of air, or the masses of air over two adjoining regions, 
whether of large area or small, are kept at different temperatures 
there will occur, through the action of gravity, a continuous overflow 
from the warmer to the colder and an imderflow from the colder to 
the warmer, unless prevented by some extraneous influence. 

In addition to these universal or ultimate causes of circulation 
there also are modifying factors — friction, viscosity, turbulence, local 
heating, local cooling, deflection by mountains, deflection due to the 

15 
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earth's rotation, and others — which make one atmospheric movement 
different from another in extent, duration, direction, and velocity. 

Since the atmosphere is a fluid of which the viscosity, though 
small, is definitely known, it might seem that by means of the equa- 
tions of thermodynamics and hydrodynamics one could as certainly 
foretell its every movement and future conditions as one can predid; 
an eclipse or an occulation from the equations of celestial mechanics. 
But for many reasons this is far from true. Thus, the irregularity 
of surface heating and the action of mountains in deflecting winds, 
both horizontally and vertically, complicate the problem so as to 
make an exact solution impossible. Moreover, there are changes in 
the amount of atmosphere involved. Matter in the form of water 
vapor is added in large amounts by evaporation to the volume of 
circulating gases, while at an equal average rate, but not simultane- 
ously, it is withdrawn by precipitation, chiefly in the regions of 

LOWS.* 

Though the wind at an altitude of several hundred meters, or more, 
is comparatively steady, except in very rough or mountainous 
regions, near the surface of the earth it is always in a turmoil, be- 
cause of surface friction which checks the lower air while the layers 
above tumble forward and down, and because of numerous objects 
which obstruct the course and introduce cross currents. Places near 
the surface of the earth and no more than 50 feet apart, though 
having the same average wind direction and velocity, commonly have 
different, often very different, winds. These differences of speed 
and direction are of great significance in connection with the wrack- 
ing effects of winds on houses, bridges, and other structures, espe- 
cially when the fluctuations have a periodicity synchronous with 
that of the structure or its parts. They are also of much importance 
to the aviator, not only upon starting and landing, but also during 
flight. 

However valuable an exact knowledge of surface air movements 
would be, it is obvious that these movements defy all attempts at 
mathematical formulation. Nevertheless, the average effect of a 
group of turbulent wind eddies is amenable to mathematical discus- 
sion.' Furthermore, while an exact mathematical solution of the 
problem of world-wide circulation is not now possible, many features 
of this circulation and the forces and influences which modify 
winds are nevertheless clearly comprehensible from physical con- 
siderations, and admit of at least approximate mathematical repre- 
sentation. Some of these features characterize equally all the more 
general winds, and it seems appropriate to discuss them independ- 

1 signifies areas over which atmospheric pressure is low. 
•Taylor, Phil. Trans. Boy. Soc. A., 215, pp. 1-26, 1916, 
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ently in a common introduction to the more detailed accounts of 
certain types of atmospheric circulation which will follow. 

Forces <md influences that rnodify winds. — ^AU winds that travel 
a considerable distance acquire characteristics of direction and speed, 
more or less dependent upon the rotation of the earth. They are 
continually acted upon by deflective forces that ultimately greatly 
influence the direction, and to some extent the velocity of motion. 

Change of velocity wUh change of latitude. — ^When, because of the 
great temperature contrasts betweeYi equatorial and polar regions, 
air moves from lower to higher latitudes, its velocity with reference 
to the surface of the earth must change. It might seem, as many 
have assumed, that the absolute velocity of the air would tend to 
remain constant, and, therefore, to blow from west to east as soon as 
it had crossed that latitude on which the velocity of the groimd is 
the same^as the original absolute west-to-east velocity of the mass of 
air in question. This assumption, however, is theoretically incorrect, 
as has often been explained. A particle of the atmosphere, or any 
portion of it moving as a unit, in reality is rotating around the axis 
of the earth. Hence, in considering latitude effect or effect of dis- 
tance from the earth's axis on wind velocity, it is necessary to re- 
member that the angular momentum, mr^cD (in which m is the mass, 
r Its distance from the axis of rotation, and cd the angular velocity), 
is a constant. In other words, the law of conservation of areas ap- 
plies, and if a given mass of atmosphere, tt^, moves to a higher lati- 
tude, r becomes smaller and the velocity of the mass, by the law of 
equal areas, can not remain the same, as is often supposed, but 
rather should tend to become greater in proportion to the secant of 
the latitude. If the air moves to lower latitudes, its velocity obvi- 
ously tends to diminish. 

As a matter of fact no such enormous changes of velocities of the 
atmosphere with change of latitude as the principle of the conserva- 
tion of areas would demand in the higher latitudes are ever f oimd 
either at the surface or at other levels. This, however, does not 
invalidate the principle itself, but only shows that there are very 
effective damping or retarding influences in operation. 

Viscosity, or the friction between two layers of air gliding over 
each other, is one of these retarding influences, but its effect is prob- 
ably very small. A larger effect involving only the lower strata 
comes from surface friction and turbulence induced by trees, hills, 
and other irregularities, which operate powerfully to stop or retard 
any relative motion of the air over the earth. Finally, vertical con- 
vection is a still greater velocity control, greater, probably, than all 
others in the magnitude of its effect& Convection leads to extensive 
interchange of momentum between lower and upper layers of the 
83692^—16 2 
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atmosphere and thus transfers the retarding effects of surface fric- 
tion to higher strata, tending to bring the atmosphere at all levels 
to a common velocity. Surface friction and viscosity tend to cause 
the air to revolve with the earth, all as a rigid mass. Ccmvection, 
however, operates to prevent this and tends to suppress differences 
of velocity in different vertical strata. Because of these several 
influences the actual velocity at all levels and especially at high lati- 
tudes differs from that which the law of equal areas would lead us 
to expect. 

Deflective farce due to eartKs rotatioru — ^The deflective influence 
of the earth's rotation on the direction of motions of winds, ocean 
currents, and in fact on any objects moving freely over the earth's 
surface, is of great importance and has many far-reaching effects. 
Many expositions of this dynamic problem are to be found in stand- 
ard works on meteorology, mechanics, and physics, which the stu- 
dent must consult for the full details. The essential facts may be 
briefly stated as follows: 

Any objects whatsoever moving over the surface of the earth are 
subjected to a more or less pronounced deflective influence that tends 
to cause the body to swerve to the right of its onward course in the 
Northern, and to the left in the Southern Hemisphere. The magni- 
tude of this deflective influence is 

/i=2mF (0 sin <^ (1) 

in which m is the mass of the moving body, V its horizontal velocity, 
o the angular velocity of rotation of the earth on its axis, and the 
latitude of the place in question. 

From equation (1) and related considerations it follows that the 
deflective force due to the rotation of the earth on any object mov- 
ing horizontally is : 

a. Directly proportional to the mass of the body, m. 
J. Directly proportional to the horizontal velocity, F. 

c. Directly proportional to the angular velocity of the earth's ro- 

tation, (i>,=a constant. 

d. Directly proportional to the sine of the latitude,^, of the moving 

object. 

e. Of the same value whatever the horizontal direction of motion. 

f. Always at right angles to the instantaneous direction of motion 
^ and, therefore, wholly without influence on the speed of the 

body. 
ff. The force deflects moving bodies always to the right of their on- 
ward course in the Northern Hemisphere and to the left in the 
Southern Hemisphere. 



Digitized by 



Google 



WEATHER FORECASTING IN THE UNITED STATES. 19 

Since the deflective influence is at all times at right angles to the 
path, it follows that an object once set moving freely and in a fric- 
tionless manner over the surface of the earth would describe a con- 
tinuously curved path. 

Centrifugal effects. — ^Whenever bodies move in curved paths a de- 
flective force is always acting perpendicularly to the path and di- 
rectly toward the center of curvature. If it were not for such a 
radial or centripetal force the body would move in a straight line. 
Such a moving body always displays a tenderucy to fly anjoay from 
the center^ and while this tendency is frequently designated cen- 
trifugal force, nevertheless, in the ordinary meaning of the word 
force no true force acting away from the center of curvature exists. 
but rather an inwardly acting radial force is required to deflect the 
body constantly from the straight line it is momentarily following. 
The value of this force is given by the well-known equation, 

i^-^ (2) 

in which m equals mass, V equals linear velocity, and r equals radius 
of curvature of the path at the point occupied by the body. Since 
the earth's deflective influence f^ (eq. 1) causes a body moving freely 
in a horizontal surface to describe a curved path and since a body 
moving in a curved path must be acted upon by a centripetal force, 
F (eq. 2) therefore, when no other deflective forces are in operation 

my* 

/i = F, hence, — 2mFa) sin ^ 

To 

Y 

or To — -?i — : — T (3) 

° 2« sm ^ ' 

in which r© is the radius of curvature of the path when the eartKs 
rotative effect is the only deflecting force. 

It would be interesting to trace the path of a body moving freely 
and in a frictionless manner over a rotating sphere like the earth 
to which the body is held by gravitation. So far as indicating 
atmospheric motions is concerned, however, such a study would serve 
but little purpose, because to neglect the effects of viscosity, turbu- 
lence, surface friction, convection, temperature, and other influences 
leads to results entirely at variance with those commonly observed. 
We see from equation (3), however, that the smaller the linear 
velocity of the moving object over the surface of the earUi or the 
greater the latitude the smaller will be the radius — that is, the 
greater the rate of curvature. On the Equator the radius of curva- 
ture is infinite, or the path a straight line. However, unless the 
object is moving along the Equator it soon gets to one side, where 
the curvature again becomes finite. On crossing the Equator the 
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direction of curvature changes, as is well shown by the summer wind 
tracks over the Indian Ocean. 

Other deflective forces. — ^Whenever the path of la body moving 
on the eartli has a greater or less curvature than that required by 
equation (3) or when the direction of curvature is reversed it is 
clearly apparent that the body is acted upon by some other deflective 
influence than that due to the earth's rotation. If /, represents the 
resultant of all other deflective forces in action, tiien the actual 
curvature of the path will be wholly determined by the two forces 
/i and /s, and the following equation must apply : 

F^Tij. — ^/,+/,-2m«78in 4>+f» 

The term F— is the measure of the deflective or centripetal 

force necessary to give the path its actual radius of curvature r. 
This force may be regarded as positive for right-handed deflecticm, 
that is, for clockwise gjrration, and negative for the reverse direc- 
tion of motion. It is highly important that the student clearly 
understands how the algebraic signs of the terms in equaticm (4) 
are fixed and the significance thereof. For right-hand rotaticm, r 
is regarded as positive. Its values become infinite for straight-line 
motion and must be taken as negative for deflection to the left or 
counter-clockwise. The last term of the second member, that is, 
fi=2nmV sin^, causes right-hand motion in the northern hemis- 
phere and is therefore positive, but f^ is negative in the southern 
hemisphere. The sign before this term simply shows that the diff- 
erence of the forces must be taken. The sign for /, ^ fixed when 
those of the second member of the equation are determined. The 
force /„ however, although representing "other deflective forces" 
in the equation, nevertheless depends chiefly or wholly upon the 
gravitational pressure gradient and whenever tiie pressure gradient 
or component thereof acts to produce right-handed deflection of 
onward moving air, /, must be considered as positive, and vice versa. 
CfravitcBtional pressure gradient. — Gravity is the immediate or 
direct cause of practically all important atmospheric motions, and 
the term gravitati(mal pressure gradient, or, more briefly, pressure 
gradient, therefore deserves to be carefully defined. A form of state- 
ment appropriate to present requirements is somewhat as follows: 
The pressure gradient at a given place is the differ^ice in barometric 
pressure at tiie ends of a line of small length taken horizontally and 
at right angles to the direction of the isobars cutting the line, 
divided by the length of the line. The effect of gravity in causing 
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the air to move in the direction perpendicular to the isobars is 
proportional to this pressure gradient. The force in symbols may 
be stated as follows: 

^ mdp , (5) 

^'^ pdn' 
in which p=density of the air, dp the small difference in pressure 
in the short distance dru 

The action of gravity through the agency of the pressure gradient 
is the force that actually sets atmospheric air in motion and this 
force, or at least components of it, constitutes the additional deflec- 
tive force designated /s i^ ^^^ foregoing equations. Let us assume, 
for the sake of further analysis, that all frictional and opposing 
resistances are absent, and that the whole effect of the pressure 
gradient is expended in deflecting the moving air; that is, in com- 
pelling- it to maintain its curvilinear path. We must then write, 

iS.^YL^2^Vwi4> (6) 

pan r ^ ^ ^ 

which is an equation for the f rictionless motion of air masses aroimd 
a regign of low pressure when all resistances are absent and the 

motion has become perfectly steady under the pressure gradient £?. 

Gradient velocity. — ^When gyrating masses of air have attained 
sensibly continuous steady motion under the conditions defined in 
the foregoing and represented by equation (6), a state of dynamic 
equilibrium exists. The value of F, that satisfies equation (6), is 
then called the gradient velocity. In nature the gradient velocity 
can not be attained at the surface because of friction and other ob* 
structions. The velocity may be approximately reached, however, 
at elevations of a kilometer or more, and, if fully attained, the direc- 
tion of motion is necessarily parallel to the isohars. 

Automatic adjustment of winds in direction and velocity. — Gen- 
erally the path of the wind is inclined to, not pardUel with the iso- 
bars. In this case the gradient force will have two components of 
effect on the moving air, one normal, the other tangent to the path. 
The normal component constitutes the deflective force /j of equation 
4, and tends to change the direction of the motion. The tangential 
component increases or diminishes the velocity of the wind, accord- 
ing as that velocity is less or greater than the gradient velocity. 
Whenever the wind arrows, showing motions of a gyratory system, 
cross the isobars in the direction of the pressure gradient, the tan- 
gential component of force then acts with the motion and tends to 
increase the velocity so that the gradient velocity should be attained, 
but friction and other resistances prevent. On the other hand, when 
the wind arrows cross the isobars in a direction opposed to the 
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pressure gradient the tangential component of the force will then 
'check the motion. Such a condition signifies that the actual velocity 
is already greater than the gradient velocity. The forces are graph- 
ically indicated for certain representative cases in figure 1. 

From the foregoing simple considerations it appears that the forces 
governing the motions of relatively free-air masses in a cyclonic 
system tend automatically to establish and maintain a condition of 
equilibrium in which the velocity of motion is pradiically the gradient 
velocity, and the direction of motion then becomes parallel with the 
isobars. 




FiQ. 1. — Bohem€ to depict faroet oamting and modifying tcindt. — Pressare gradient Is indi« 
cated by short arrows crossing line of motion near the middle. Heavy body portion of 
line indicates component of gradient tending to oyercome resistance, or increase or 
retard velocity. A and ft are deflective forces due to earth and gradient, respectively. 
Heavy portion of one of these fbrces Is dominating component, and remainder of same 
force equals and neutralizes the force on the opposite side. Centrifugal forces, in the 
ordinary meaning of the word, have no existence in any of the instances illustrated. 
Sometimes A sometimes A acts from the center outwardly. These may then properly 
be called centrifugal forces, but they are entirely different in origin and magnitude 
from the inertia reaction commonly designated centrifugal force. 

• 

Although equation (6) applies strictly only to certain ideal con- 
ditions, nevertheless it must be recognized that other cases are also 
represented, in which the force f^ comprises, not the whole pressure 
gradient effect, but only a component thereof. The velocity will then 
not be the true gradient velocity and the wind direction will cross 
the isobars. 

NUMERICAL. DATA AND RESULTS. 

The computation of a few niunerical results by the aid of the 
equations deduced in the foregoing will illustrate their use and show 
the relative magnitudes of some of the forces and elements repre- 
sented. 
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The value of the gradient velocity, V from equation (6) is readily 
found to be: 

'^^='^^^+(«r8in 0)^+«rsin0 

For cyclonic circulation in the Northern Hemisphere the sign 
before the last term becomes negative, because the motion is counter- 
clockwise and r is negative. The term -j^ will generally be posi- 
tive, because both factors are positive or negative together. If the 
path of the wind is straight the deflective force from the earth's 
rotation is just neutralized by the effect of pressure gradient. In 
the Northern Hemisphere this can occur only when the pressure de- 
creases to the leftward of the line of motion. In this case the 
radius of curvature of the path is infinite and we get from equa- 
tion (6), 

F„ i {=M\ (8) 

2wpsm 4\ an / 

The minus sign signifies that the pressure gradient acts to the left. 

In the C. 6. S. system of units: 
F=Centimeters per second. 

dp 

^= Difference in dynes pressure per square centimeter, per centi- 
meter horizontal distance at right angles to isobar. 

r=Radius of curvature, in centimeters, of wind path at place of 
observation, not distance to center of low. 

p=6rams of air per cubic centimeter. 

<i>= Angle through which the earth turns per second= ^^ ^^. ■ 

Sin 0=Natural sine of the angle of latitude. Let the latitude be 
40**, the radius of curvature 500 kilometers, the density of air .0011, 
a value it may often have 1 kilometer above sea level, and the pres- 
sure gradient such as to give a barometric difference of 1mm. per 50 
kilometers. 

With these values F= 18.55 meters per second=41.5 miles per hour. 

If, under the above conditions of latitude, density and pressure 
gradient, the wind is given a higher velocity, the value of /, due to 
the earth^s rotation, increases and the path becomes less curved. 
For a straight path the velocity by equation (8) must be, 
F=:25.89 meters per second=57.9 miles per hour. 
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Table 1. — Data relative to atmotpherio motions. 

Section I.-CENTRIFUGAL FORCE IN DYNES FOR MASS OF 1 GRAM. 







Vdocity mllM p«r hour. 




Radius 
miles. 




















200 


100 


75 


50 


25 


400 


1.242 


0.310 


0.175 


0.078 


0.019 


aoo 


2.483 


.621 


.349 


.165 


.039 


100 


4.966 


1.242 


.689 


.310 


.078 


50 


9.933 


2.483 


1.398 


.621 


.155 


25 


19.867 


4.966 


2.796 


1.242 


.310 



Secoov n^DEFLECTIVE FORCE OF EARTH'S ROTATION ON MASS OF 1 GRAM. 



Lat.* 


Velocity in mJles per hour. 


miles, 
miles per hoar. 


200 


100 


75 


50 


25 


20 
30 
40 
50 
60 
70 
80 


0.446 

.652 

.838 

.989 

1.129 

1.225 

1.284 


0.223 
.326 
.419 
.494 
.564 
.612 
.642 


0.167 
.244 
.314 
.371 
.423 
.460 
.482 


0.112 
.168 
.210 
.247 
.282 
.306 
.821 


0.055 
.082 
.105 
.124 
.141 
.153 
.160 


557 
881 
296 
249 
220 
208 
198 



BscnoN UL-FRESSURE GRADIENT IN DYNES, WHEN ISOBARS FOR EACH 1/10 INCH 
ARE AT DIFFERENT DISTANCES APART, STATUTE MILES; pbO.0012. 



200 


.100 


76 


50 


25 


0.0877 


0.1754 


0.2630 


0.3507 


0.7015 



Equations. — ^Forces are expressed in dynes for mass of 1 gram, velocities in 
statute miles per hour, lengths and distances in statute miles. 

Centrifugal force, 1^—0.012418— * 

Earth's deflective influence at latitude ^/ai.005620 Fsin ^. 

When the deflective influence due to the earth*s rotation is the only deflecting 
force acting, the radius of curvature in the case of horizontal motion at latitude 
<f> will be: 

Pressure gradient. — ^A barometric pressure difference of one-tenth of an inch 
corresponds to a force of 8,387 dynes. An average value of p, the density of 
the air near the surface of the earth is /» =0.0012 grams per cubic centimeter. 
With these data the pressure gradient Is 

dp _ 17.539 . 
pdn s 

in which s is the distance in statute miles between Isobars at intervals of one- 
tenth of an Inch of pressure. 

The relative values of the centripetal force, the earth's deflective 
force, and that due to gradient are clearly shown in the table for 
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certain representative values of wind velocity from 25 to 200 miles 
per hour and different latitudes and radii of curvature and for 
different spacings between isobars of from 25 to 200 miles. 

The values of the forces are given in dynes. The magnitude of 
this unit of force is clearly grasped by remembering that the attrac- 
tion of gravity on 1 gram is approximately 981 dynes. F<^ example, 
the earth's deflective force at latitude 50^ and velocity 200 miles per 
hour is 0.989 dynes on a mass of 1 gram — ^that is, the gross deflective 
force on a mass moving at 200 miles per hour at latitude 50^ is one- 
thousandth part of its weight. Obviously, the other magnitudes 
are in proportion. 

The centripetal force in the case of motions at high velocities and 
short radii of curvature are plainly much greater than the other 
forces, and motions of that character are possible only under great 
pressure gradients. For example, in north latitude 40®, air moving 
counter-clockwise at 200 miles per hour in a circle of radius 25 miles 
requires a pressure gradient greater than 

19.867+0.838=20.705 dynes, 

or more int^ise than one-tenth inch per mile. 

The last column of Section II of the table gives the radius of 
curvature of the wind paths for different latitudes and at a velocity 
of 100 miles per hour when the earth's rotative effect is the only 
deflective force. For other velocities the radii are directly propor- 
tional. The relative smallness of the earth's deflective force is quite 
apparent as also its considerable increase at higher latitudes. 

THE WEATHER MAP AND NOTES ON THE CIRCULATION IN CTCLONES AND 

ANTICTCUONES. 

The weather map. — ^This indispensable adjunct in studies of atmos- 
pherics is so well known that not even a brief description is here 
necessary. It is important, however, not to be misled by the some- 
what conventional way in which certain atmospheric conditions are 
depicted on weather maps. When a system of isobaric lines has 
been drawn we get a picture of the pressure distribution over the 
region represented. The universal, in fact the necessary, practice 
is to single out and mark certain particular regions LOW *, HIGH *, 
etc. If the map is "flat," as the expression goes, there may be 
several such lows and highs. If we had sufficient data and drew 
isobars for hundredths instead of tenths of inches, the "flat" map 
would probably show relative lows and highs in still greater num- 
ber. On other occasions, however, the configurations of the isobars 

1 Signifies areas of low pressure and areas of high pressure, respectiyely. 
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bring out in great distinctness great systems of cyclonic and anti- 
cyclonic circulation which are also marked LOW and HIGH, re- 
spectively. The point that it is now desired to bring out is that 
while we must always use the words LOW and HIGH on the 
weather map, the mistake must not be made of supposing that 
every low or high depicted is a cyclone or an anticyclone, or that it 
is necessarily even the rudiments or inception of a typical system. 
We should recognize that frequently, especially in summer time, the 
configuration of the isobars is neutral or lacking in significance. 
There may be no definite relation between the subsequent weather 
condition and the particular existing pressure distribution. In 
these cases the real cause of subsequent phenomena must be sought 
in a study of detail, perhaps only remotely related to the configura- 
tion of Uie isobars or the presence of the semblance of lows and 
highs here and there. 

It will perhaps always be impossible to draw the line definitely 
between lows that do and those that literally do not possess real 
cyclonic characteristics. In any case, it seems better to exclude these 
indefinite types from the rules that are appropriate for more or 
less typical maps and develop special rules for those that are 
lacking in definite significance. Similarly, these types should be 
carefully excluded in studies, statistical or otherwise, of storm 
tracks, velocities of motions, etc., since to include them is like mix- 
ing chaff with the wheat, and must necessarily warp the conclusions. 

Inception of a system of cyclonic circulation (see figs. 2-5). — 
Authorities unreservedly assert that the invariable counterclockwise 
directicm of motion in the Northern Hemisphere of inflowing winds 
in a region of low pressure is caused by the deflective influence due 
to the earth's rotation. This ipse dijtit is generally accepted, but 
the detailed steps of the process are perhaps not fully understood, 
and a brief explanation seems therefore justified. 

Meteorologists are not in accord as to the ultimate causes and 
the steps leading to a fully developed cyclone. A brief outline of 
the more important theories that have been advanced by high 
authorities is presented on pages 51-53, but it is impracticable to 
attempt a general analysis of these matters in this work. It is 
now proposed simply to show, step by step, how the characteristic 
counterclockwise circulation in a region of incipient low pressure 
soon becomes fully established. 

Xo one knows, perhaps, just how typical cyclones begin, and for 
the present purposes we allow ourselves to assume (1) that, at the 
time and place of beginning, a conditicm of relative calm prevails 
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over a considerable region; (2) that a condition of incipient low 
pressure also prevails.* 

To depict such an incipient low on a weather map it may be 
necessary to draw isobars for only each thousandth or possibly for 
hundredths of an inch instead of the customary interval of tenths 
of an inch. The inflow of the surrounding air toward the center 
of this LOW will necessarily start along lines that cross the isobars 
directly at right angles, and the velocity will necessarily be small 
to correspond with the small pressure gradient. If the earth were 
at rest, other things remaining the same, the surrounding air masses 
would move directly in toward the center from all sides and either 
fill up the LOW, or, if portions of the air within were being carried 
upward by convection, then the inflow might or might not just 
sustain the upflow by ccmvection. It is easy to see that a strictly 
radial flow of air into an incipient ix)w of this character — ^and 
possibly ending in convection — ^is in reality an unstable state of 
dynamic equilibrium. It is like a pencil balanced upon its point. 
Slight disturbing influences may throw the air currents one way 
or the other so that gyratory inflow is very likely to begin sooner 
or later. Were the earth at rest there seems to be no special reason 
why the gyration should not be just as often in one direction as the 
other. 

With the earth in rotation, however, the case is wholly changed. 
At latitude 30°, for example, a portion of air moving freely at a 
velocity of 1 mile per hour toward the center of low pressure will 
be turned to the right of its onward course in the Northern Hemi- 
sphere, and, unless otherwise prevented, will move in a small nearly 
closed circle less than 4 miles in diameter. It is important to note 
that the deflective influence of the earth's rotation acts with pro- 
nounced effect upon bodies moving freely at low velocities. Of course 
the air does not describe a complete circle or any considerable part 
thereof. Just as soon as its course cuts the isobars at some angle less 
than 90°, a component of the force due to the pressure gradient acts 
against the earth's deflective force and thus lessens in a measure the 
turning to the right. If a balance between these forces is reached, 
then the motion will be along straight lines, but such straight lines 
will cross the isobars in lines of flow leading to the rigJit of the 
center of low pressure, and this species of flow can not adequately 
carry air into the region of lowest pressure to supply that lost by 

^ Local OTerheatiiig, accompanied by conyectlon, may be a possible caase of the Incipient 
low pressure, but in the present analysis we do not (indertake to say what it Is that 
causes the Incipient low pressure. 
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convection, or whatever other cause is assumed to maintain the rela- 
tively low pressure which observations show grows and persists in 
typical cyclones. Since, for the reasons explained, air can not 




FlG. 2. — ^Flnit stage: The Inflow starts perpendicular to Isobars, and might so continue 

on a nonrotatlng earth. 

readily flow into the center of the region of incipi^it low pressure, 
the causes that are producing this low will tend to intensify the 
pressure gradient. This will have two effects, (1) to cause the flow 
to take place at a more rapid rate, (2) to lessen still further — ^indeed. 




Pio. 8. — Second stage : Rotating earth. Crossing the Isobars to the right of the per- 
pendicular, the turning of the inflow still farther to the right is lessened or wholly pre> 
vented by a component of the force due to pressure gradient. 

to prevent wholly — the turning of the winds to the right, and, instead, 
to deflect the winds strongly to the left. This left-hand deflection is 
produced by a component of the pressure gradient which, at this 
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stage of the development, is now greater than the earth's deflective 
farce. The excess in this case is in fact the centripetal force that 




Fto. 4. — ^Thlrd stage: The dlrerted Inflow interferes with the rapid filling up of the 
low and Induces a steeper pressure gradloit, accompanied by higher yelocltles of inflow. 
Increased outward centrifugal tendency is overcome by the correspondingly greater 
componoit of the pressure gradient normal to the motion, as at a. 

causes the path to curve to the left. The incipient flow has now 
become fully counterclockwise round the center of low pressure, 
and it is inconceivable that a condition of low pressure can form 
and attain any significant magnitude without quickly inducing the 




Pio. B. — Equilibrium stage for nearly frlctionless flow : In the free air the friction ano 
resistances are at a minimum and the flow Is there nearly paraUel to the Isobars. 
Under these conditions a small component of the gradient oyercomes the frlctlonal 
resistances and the remainder of the gradient force balances the earth's deflectlye 
Influence and the centrifugal tendency. 

counterclockwise circulation just described. The successive steps 
are graphically indicated in figures 2, 3, 4, and 5. 
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In the foregoing it has been unnecessary to assiune that the pres- 
sore gradient is steep or noticeably intense. Our object has been to 
show that the characteristic cyclonic circulation can be fully estab- 
lished with only an elementary or incipiwit condition of low pres- 
sure. All that is necessary is that the region of incipient low pres- 
sure be itself symmetrical and tjrpical. Obviously, the inflow should 
sooner or later "fill up" the low, and doubtless this often occurs. Ob- 
servations show, however, that cyclones in many cases grow in force, 
and attain tremendous intensity, which is maintained imabated for 
days in succession. Some explanation is needed, therefore, to show 
the source of the power required. One school of meteorologists, fol- 
lowing Espy and Ferrel, has endeavored to show that the energy ex- 
pended in cyclones in general is derived from the convective ascent 
of overheated, humid air, acccmipanied by condensation and precipi- 
tation of a portion of its moisture. The energy in such cases comes 
from the latent heat of condensation. 

While difficulties are encoimtered in attempting to explain the 
genesis and maintenance of many of the fully developed cyclones 
of the middle latitudes by means of the convection theory, never- 
theless that theory seems to accoimt for the phenomena of the typi- 
cal cyclones, hurricanes, typhoons, etc., of the tropical oceans. The 
reader must consult the original literature, however, for the full 
details. 

Anticyclonic circulation. — Little needs to be said concerning the 
characteristic circulation of air in the anticyclone, as the whole sys- 
tem quite lacks the dynamic complexities that lend interest to the 
cyclone. The intense whirling motion at high velocities that is 
possible in the cyclone, acomipanied by the steep pressure gradient 
and correspondingly low pressure at the center of a cyclone, are im- 
possible combinations of conditions in an anticyclone. The cycl<me 
may be relatively small in diameter, the winds of very high velocity, 
and the fall in pressure at the center 2 inches, or even more, be- 
low the normal; whereas the highest pressure in the anticyclone 
rarely exceeds 1 inch above the normal, and even in those cases 
the HIGH overspreads an area of very great geographic extent, so 
that the pressure gradient is in reality quite feeble and the wind 
velocities are of no great intensity. A brief examination of the man- 
ner of action of the forces controlling the anticyclonic circulaticm 
makes all this very clear. 

Without attempting to explain how the condition of high pres- 
sure c<Hnes to exist in any given case, we assume that Figure 6 repre- 
sents a typical high. The fall of pressure outward from the center 
causes a corresponding outflow of air in all directions, which on a 
stationary earth would follow lines of flow perpendicular to the 
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isobar. Such outflow, meeting no special obstruction of any kind, 
readily relieves any tendency there may be to accumulate an excess of 
air in the negion in question. The comparatively free outflow pre- 
vents building up a great difference of pressure or steep pressure 
gradient. The air simply flows away too readily. Practically all 
this is equally true on the rotating earth, because the earth's deflec- 
tive influence simply diverts the lines of flow slightly to the right, 
without materially obstructing the escape of the air from the center 
in all directions. Any close approach to a sustained whirling motion 
of outflowing air in a region of high pressure similar to the whirling 
inflow observed in storms like hurricanes seems quite impossible. The 
outward acting pressure gradient is the moving force and the lines of 
flow will be across the isobars, except as deflected slightly to the right 
in the Northern Hemisphere by the earth's deflective force. At a in 




Fig. 6. — Antlcyclonlc circulation. 

Figure 6 a line of flow is shown enlarged. The deflecting force act- 
ing to the right is due to the earth's rotative influence. It is com- 
pletely neutralized by an equal and oppositely acting component of 
the pressure gradient. The air mass in question is free to move 
onward in a straight line and the component of the pressure gradient 
parallel to the line of flow sustains the motion. It is interesting to 
notice that air can not gyrate around a high in a clockwise manner, 
parallel to the isobars that is at gradient velocity except at great dis- 
tances from the center where the isobars are practically straight 
lines or even take on a reverse curvature, that is the air motion rela- 
tive to the isobars is in reality counter clockwise or cyclonic. 

In connection with questions both of cyclonic and of anticyclonic 
motions it must be recognized that the earth's deflective influence is 
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altogether a passive force. This force is powerless to give any por- 
tion of air any motion whatsoever. .Motion must be produced by 
pressure gradients or other forces, but when motion has been so origi- 
nated or when sustained, then, and then only, does the deflective force 
operate. As we have seen, it tends partly to change the direction of 
motion or under certain circumstances, partly to accelerate or retard 
motion caused by other forces. 
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CHAPTER II. 
GENERAL CIRCULATION OF THE ATMOSPHERE. 

By William J. Humphbeys, Professor of Meteorological Physics. 
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PliANETART WINDS. 

Normal state of the atmosphere. — ^The normal state of the atmos- 
phere is (me of motion, and observations show that the velocity is 
considerable. In middle latitudes, at least, this motion is from west 
to east more or less along parallels of latitude where the pressure 
gradient due to the zonal distribution of temperature overcomes 
resistances and neutralizes the rotative deflection of the earth. 
Calms in this region must be regarded as disturbed conditions of 
the atmosphere, and indeed often are comparatively shallow, with 
normal winds above. 

General changes of vnnd with elevation. — Our knowledge of the 
directions and velocities of the winds of the earth is still fragmen- 
tary and incomplete. Over large areas even the surface winds are 
unknown, and over the regions best studied these alone are fairly 
well known. The continuous records obtained at mountain stations 
have added much to our knowledge of air movements, but stations 
of this nature are comparatively few, and their data, however valu- 
able, are always affected to an unknown extent by local topography. 
. Cloud observations have also given a large amount of valuable infor- 
mation, but these, too, are only fragmentary. Cloud observations 
give simply the direction and velocity of the air at one level, and 
even these can not be obtained for the stratosphere, since this region 
is never visited by clouds. In many respects kites and sounding 
balloons have furnished the most valuable data in regard to the 
movements of the upper air and their causes. Unfortunately, how- 
ever, aerological investigations of this nature, with relatively few 
33692*— 16 3 33 
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exceptions, have been restricted to the Northern Hemisphere, and 
even there mainly to the smnmer season. 

From these various sources of information a number of tentative 
conclusions, subject of course to modification, have already been 
reached in regard to the winds of different parts of the world from 
the surface of the earth to great elevations. Some of the more im- 
portant of these conclusions are : 

1. That there is no continuous and rapid overflow of the high 
atmosphere all the way from the equatorial to the polar regions. At 
an elevation of 10 kilometers, for instance, the wind of middle north- 
em latitudes seems to have southerly components about as often as 
northerly. 

From this it follows that the overflow theory of equator-polar cir- 
culation must be either abandoned or at least profoundly modified. 

2. That the equatorial winds are not always and at all levels from 
the East. That on the contrary west winds occur (how regularly is 
uncertain) at elevations of about 18 to 20 kilometers, with east winds 
again prevailing (certainly at times) at still greater elevati(Mis. 

The cause of this layer of equatorial west wind has never been 
explained. Indeed, it may be only a local and temporary phe- 
nomenon. 

8. That layers of air in which the temperature is approximately 
constant or even increases with increase of elevation often exist at 
different levels, especially through the first 2 or 8 kilometers. This 
temporary stratified condition of the lower atmosphere appears to be 
universal. It is found even over tropical oceans and is exceedingly 
well developed over the ice plateau of Antarctica. 

These layers usually show such different humidities and such dif- 
ferent wind velocities from those of the adjacent layers as to indi- 
cate a distinct origin. A rising convection current on reaching its 
equilibrium level flows away substantially at that particular eleva- 
tion and obviously retains its own humidity, provided condensation 
has not taken place, as well as its dust content and other character- 
istics. Its viscosity is not the same as that of the adjacent air because 
its humidity or temperature, or both, is different. These considera- 
tions and the evidence presented by billow clouds, indicate that any 
such layer with a distinctly independent velocity tends to retain its 
integrity and to glide over another from which it differs physically, 
without rapid intermingling. Both reflection from and evaporation 
of clouds are causes of temperature and humidity irregularities or 
stratification of the atmosphere. Clearly, then, one should expect 
in the lower atmosphere substantially the kind and amoimt of tem- 
perature inversions and other irregularities actually found from 
observation. 
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4. That the upper-air winds are exceedingly variable along the 
edges of the high-pressure belts, and that marked disturbances occur 
in the antitrades. 

6. That the poleward pressure gradient in the upper atmosphere 
becomes very small long before the Arctic Circle is reached — ^in fact, 
is small between 60** and 60^ N. 

6. That in high latitudes where the poleward pressure gradient of 
the upper atmosphere is small, the westerly winds are not constant. 

Velocity of wind at different elevations, — That the wind increases 
with increase of elevation, at least for a considerable distance above 
the surface of the earth, is accepted as a fact in a general way by 
almost everyone. Measurements, whether made by triangulation on 
such freely drifting objects as clouds and balloons, or by anemometry 
on the relatively stationary kite, fully support this impression. 

Near the surface of the earth the wind velocity increases rapidly 
with increase of elevation, but at a rate that, other things being equal, 
increases with velocity but decreases with height. Up to from 5 to 
25 feet, or 2 to 8 meters, above the surface, depending upon the actual 
velocity, the increase of average velocity is very rapid, but the wind 
exceedingly irregular and puffy. Above this level the increase of 
velocity is more regular, so that the approximate velocity at any 
height up to 50 feet, or 16 meters, may be computed* from the 
observed velocities at some other height by the empirical equation. 



^^v^'- 



g+72 
A+72' 



in which F is the velocity of the wind at the height i7, computed 
from the known velocity v at the height A. Both elevations are ex- 
pressed in feet. 

Other empirical equations between wind velocities and elevations 
have been given for greater heights. Douglass,^ for instance, finds 
his observations between 100 meters and 600 meters fairly well sat- 
isfied by the simple equation, 

-:-(!)♦• 

Shaw ' suggests, as a likely formula. 



v^^±^y. 



0} 



m which V is the wind velocity at the height E above ground^ F© 
the observed anemometer velocity and a a constant, obviously depend- 

» Stevenson, Jr. Scot. Metr. Soc., V., p. 348. 1880. 

« Nature, 33, p. 693. 1885. 

• Adylsory Committee for Aeronautics, Reports and Memoranda, No. 9, p. 8, 1909. 
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ing upon surrounding topography, anemometer exposure and, per- 
haps, other factors. 

Among the most interesting observations on the relation of wind 
velocity to altitude are those of Dr. Cesare Fabris \ based on some 
200 pilot balloon flights made at nearly equal intervals during the 
year June, 1910-May, 1911, at Vigna di Valle, principal aerological 
station of the royal Italian oceanographic committee. The coordi- 
nates of this station are: N. 42° 04' 41"; E. 12° 12' 43"; altitude 
272.4 meters. It is, therefore, about 25 miles northwest of Kome. 

The general results of all the observations are summed up in figure 
7, which shows four distinct regions: 

(a) The region of rapid linear increase of velocity with increase of 
altitude ; extending from the surface (272 meters) , where the velocity 
is least, from 300 to 400 meters above. This is a universal phe- 
nomenon, and the region of its occurrence obviously that in which 
the winds are affected by surface friction and the resulting turbulence. 
Clearly, too, the average number of eddies and their consequent effect 
on velocity must rapidly decrease with increase of elevation, substan- 
tially as indicated by the given velocity-altitude curves. 

(6) The region of velocity decrease with increase of altitude, about 
200 meters thick and coming immediately above a. This decrease of 
velocity probably is due to the mixing of two wind layers, an upper 
and a lower, moving in very different directions, and therefore a local 
and temporary rather than a universal phenomenon. 

((?) A region of irregular winds slowly increasing with increase of 
altitude, extending from about 500 to 1,500 meters above ground. 
This is a very general phenomenon * probably due to that frequent 
convectional mixing induced by insolation and, at night, by cloud 
evaporation. 

(d) A region of approximately constant increase of velocity with 
increase of elevation, beginning at about 1,500 meters above the 
surface and extending to at least the maximum height observed, 6,000 
meters. The wind velocities of this region are determined by pre- 
vailing horizontal pressure gradients, as will be more fully explained 
below. 

Cloud and balloon observations show that this increase of wind 
velocity with increase of altitude above 1,500 to 2,000 meters eleva- 
tion, holds practically to the top of the troposphere where the velocity 
in middle latitudes may amount to as much as 200 miles per hour 
(90 meters per second), or even more. 

Above this level, that is, in the stratosphere, the average velocity is 
decidedly less. 

^R. Comltato Talassograflco Itallano, Memoria 8, pp. 37-46, 1912. 
'Berson, WlssenBchaftliche Luftfahrten, 3 p. 205, 1900. 
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These facts are all well known, but there do not appear to be 
very generally accepted and satisfactory discussions of the reasons 
why the average wind velocity at levels above the limit of appre- 
ciable surface influence should go on increasing with increase of 
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Fio. 7. — Annual, sommer, and winter, wind TelodUes, with altitude. 

elevation up to the isothermal level, and then decrease. Data suffi- 
cient for a complete solution of this problem are not available, but 
enough facts are known to indicate quite clearly each link in the 
chain of cause and effect that determines the average atmospheric 
movements in middle and higher latitude& 
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Because of the distribution of insolation over the earth, the tem- 
perature of the lower atmosphere, as we know from observation, is 
warmest, on the average, in equatorial regions and coldest beyond 
the polar circles, with intermediate values over middle latitudes. 
Hence, since the temperature of the air above the earth depends 
mainly upon the convection and radiation from below, it follows that 
the latitude distribution of temperature in the upper air must be 
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Fig. 8. — Winter and snmmer yertlcal temperature gradients, In degrees C 

substantially the same as that at the surface ; that is, warmest within 
the Tropics and coldest in polar regions, with intermediate values 
between. And this, indeed, is the latitude distribution of tempera- 
ture at each level of the atmosphere up to 10 to 12 kilometers, or 
through fully three-fourths of its mass. At much higher levels, 15 
to 20 kilometers, for reasons that need not be discussed here, the 
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rare atmosphere is coldest over equatorial regions and warmest over 
high latitudes. This inverse condition, however, does not apply to 
the winter and summer atmospheres of the same place, nor of neigh- 
boring places on approximately the same latitude. This is shown 
by figure 8, which gives the average winter and summer vertical tem- 
perature distribution as determined respectively by 52 and 65 sound- 
ing balloon flights at Munich, Strassburg, Trappes, and Uccle. Here 
the summer atmosphere, as shown by figure 8, is warmest and the win- 
ter atmosphere coldest all the way to the greatest altitudes explored, 
and probably much higher, presumably as far as the atmosphere has 
any appreciable density. 

A study of the influence of the temperature distribution in the 
free air on the horizontal pressure gradient leads the writer to con- 
clude that throughout the region of the free air from somewhat 
below the height of 5 kilometers to somewhat above that of 10 kilo- 
meters the horizontal pressure gradient maintained by the tempera- 
ture difference between adjacent regions is approximately constant 
with a tendency toward a maximwm gradient at about 8 kilometers^ 
roughly. As a direct consequence of this theorem, the winds in the 
free air above about 6 kilometers should steadily inci^ase to a maxi- 
mum at about 8 kilometers and decrease thereafter. The argument 
in support of this ^ will not be given here, as space is not available. 

The above general conclusions are in full accord with the average 
temperature distribution in the atmosphere and the resulting hori- 
zontal pressure gradients as shown, respectively, by figures 9 and 10, 
copied from Siiring's paper ' on the present state of knowledge con- 
cerning the general circulation of the atmosphere. 

Both figures refer to the northern hemisphere during its summer. 

Since the horizontal pressure gradients caused by the temperature 
differences under discussion are at ri^t angles to the isotherms, or, 
theoretically, along meridians, it follows that the isobars in the free 
air must approximately follow parallels of latitude. The tendency 
of the winds in the free air to follow the isobars (in the present case 
to run along parallels of latitude) is explained below. In nature, 
however, this tendency is opposed by friction and resistances of 
every kind, including the powerful effects of convection. A de- 
flection of the course of the wind in the direction of the pressure 
gradient always exists, since resistances of some kind are always 
present. Consequently, the winds will actually tend always to cross 
the isobars (parallels of latitude in this case), and interzonal flow 
must necessarily follow, roughly proportionate to the resistances 
mentioned. In full accord with this, observations show that plan- 
etary isotherms and general winds more nearly follow parallels of 

» Monthly Weather Review : ^; 14-17. 

>Zelt8chrift der Gesel. fttr Erdkunde, p. 600. 1913. 



Digitized by 



Qoo^z 



40 



WEATHEE F0EECA8TING IN" THE TTinTED STATES. 






Fig 


. 0. — Temperatore diatribatloD (degrees 


C) with altitude. 






Km 

15 












^- 












-9« 
-04 
















- 












10 


-284 




















-211 

-208 
-204 












^_ 














5 


-434 
-422 
-418—^ 











^ 






-444 

-4ia 










X 


^ 


■ — 










=?s-^ 

















SI 


0* 0° 10° aO° 50** 40° 80° 60° 


H 



Fio. 10.— Pressure distribution with altitude. 

The heary broken line in Fig. 9 represents, approximately, the lower limit of the 
stratosphere. 
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latitude in the southern hemisphere, where much the greater portion 
of the surface is uniform, than in the northern, where the surface 
is far more diversified. Likewise, interzonal circulation with all its 
attendant irregularities of weather and climatic contrasts along 
the same parallel of latitude are more pronounced in the northern 
hemisphere than in the soutliem. 

Season of greatest wind velocity. — ^From the above discussion it 
is obvious that the general wind will be swiftest whenever the tem- 
perature contrast between the air of higher and lower latitudes is 
greatest. But the temperature of the atmosphere in low latitudes 
does not change through the year nearly so much as does that of 
higher latitudes. Hence the maximum horizontal temperature 
gradient, and, therefore, the maximum pressure gradient and maxi- 
mum winds, must occur during winter. 

Latitude of greatest wiind velocity. — ^The latitude of greatest winds 
clearly is that at which the horizontal pressure gradient is greatest 
In the northern hemisphere this, according to figure 10, occurs in the 
summer at about latitude 45^. It is obvious, however, since this 
pressure gradient depends in general upcm the latitude rate of tem- 
perature change, that the belt of highest winds must shift more or 
less from season to season — ^poleward with coining of summer, 
equatorward with onset of winter. 

Eguatoricd east to west winds. — ^East to west winds are quite as 
general and constant in equatorial regions as are west to east winds 
in middle latitudes. Along its borders, roughly 30^ N. and 80^ S., 
this equatorial belt of east to west winds is very shallow. Toward 
the Equator its thickness increases as a rule until it reJEtohes at least 
the limit of vertical convection. There are, however, great ir- 
regularities in this belt of winds, just as in those of higher latitudes 
on either side of it. Some explanation of the general conditions 
just stated may be offered. 

Several influences act to cause general latitudinal motions of the 
atmosphere, such, for example, as a very small possible east to west 
motion due to the tidal action of the sun and moon or a similar 
very small seemingly west to east motion that can be attributed to 
the diurnal changes of temperature and the consequent unsyra- 
metrical positions of the points of simultaneous maximum and mini- 
mum temperature on a given latitude. Interzonal circulation, how- 
ever, is the most obvious cause of east to west and west to east general 
or planetary winds, and, indeed, is usually regarded as the sole 
cause of such winds. Air moving away from the Equator in the 
upper strata is deflected eastward by the rotative deflection; hence 
such air on reaching the temperate zones appears as a west to east 
wind. Similarly, surface air moving toward the Equator is deflected 
toward the west and in the equatorial regions would become an east 
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to west wind. A detailed explanation of all the principal features 
of the general motions of the atmosphere that would be generally 
satisfactory in all respects is probably not yet available, and, in any 
case, is hardly appropriate in this work. It may be stated generally, 
however, (1) that the primary or fundamental circulation of the 
atmosphere is interzonal, due to differences in temperature between 
the regions of high and low latitude; (2) that this interzonal circula- 
tion, through the rotation of the earth, causes the prevailing west 
to east winds of middle and higher latitudes and the east to west 
winds of equatorial regions; and (3) that the velocities of these winds 
depend idtimately upon the general pressure distribution and the 
f rictional resistances of all kinds. 

In addition to the primary circulation of the atmosphere as a 
whole there are several secondary circulations or wind systems of 
magnitude sufficient to bring them markedly under the influence of 
the earth's rotation. It will be convenient next to consider some of 
the more important of these winds. 

MONSOONS. 

Summer monsoons and winter monsoons — ^for convenience dis- 
cussed imder the same head — bear the same relation to summer and 
winter that sea breezes and land breezes bear to day and night It 
is the temperature contrast between land and water that establishes 
the circulation that manifests itself on the surface as a sea or land 
breeze in the one case, and as a seasonal or monsoon wind in the 
other. Always the direction of the surface wind is from the cooler 
toward the warmer of the adjacent regions — ^from the ocean toward 
the land by day as a sea breeze and during the warmer season as a 
summer monsoon; from the land toward the ocean by night as a 
land breeze and during the colder season as a winter mcmsoon. 
Hence, monsoons may be regarded as sea and land breezes of sea- 
sonal duration, and might very well be classed with the latter under 
some common appropriate caption. However, because of the im- 
mense areas involved, it can not be said of them, as of sea and land 
breezes, that they are caused by local temperature differences. Be- 
sides, the duration of a land or sea breeze is so short that it covers 
only a narrow strip along the coast, while the monsoon winds ex- 
tend far from the coast, both inland and to sea. The directions of 
the former, since their paths are always short, are but little affected 
by the rotation of the earth, while the directions of the latter are 
greatly affected by this important factor. 

The prevailing directions of monsoon winds, except where dis- 
tinctly modified by the general circulation, are given in the following 
table and in figures 11 and 12. 
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Since monsoons depend upon seasonal temperature contrasts be- 
tween land and water, it is obvious that winds of this class must be 
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Fio. 11. — Prevailing direction of monsoon winds. 

most pronounced where such contrasts are greatest, that is, in tem- 
perate regions, and least developed where the temperature contrasts 
are smallest, or in equatorial and polar regions. It is even possible 
for secondary monsoons to develop, or for a monsoon to occur within 
a monsoon. This merely requires a favorably situated inland ^a, 
such as the Caspian. In such cases monsoons, or seasonal winds, 
obtain between the inland sea and the surrounding land and, in turn, 
between the continent as a whole and the adjacent oceans, just as on 
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a still greater scale they must constantly exist between the perpetu- 
ally warm equatorial regions and those about the poles which are 
continually cold. 

Another comparison between these several winds, the semidaily 
(land and sea breeze), semiannual (monsoon), and planetary (inter- 
zonal), that is interesting and instructive concerns their depth. 
Land and sea breezes seldom reach greater depths than 100 met^s 



^ 




Xjaiid, southervt 
hemisphere 



^ 




Fig. 12. — Preyalllng direction of monsoon winds. 

to 600 meters; the winter monsoon of India has a depth, roughly, 
of 2,000 meters and the summer monsoon of 5,000 meters, while the 
general or interzonal circulation involves the whole of the tropo- 
sphere with a depth of 10 to 12 kilometers, and probably also, though 
perhaps to a less vigorous extent, even the stratosphere. 

If the term "monsoon" be extended, as it properly should, to 
include all winds whose prevailing directions and velocities undergo 
distinct alterations as a result of seasonal changes in temperature, it 
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clearly follows that this class of winds is well nigh universal. Never- 
theless, it is generally thought of only in connection with those places 
where it is most strongly developed, and especially where the seasonal 
winds are more or less oppositely directed. Among these places are 
India (Indian monsoons are the most pronounced of all and have 
been most fully studied), China, the Caspian Sea, Australia, and 
porticms of Africa. 

In the United States the chief monsoon effects are the change in 
the eastern portion from prevailing northwest winds of winter to 
southwest winds of summer and the change in Texas and the Plains 
States from northwest in winter to southeast in summer. 

TRADE WINDS. 

As already explained, in equatorial regions, or, roughly, between 
latitudes 80** N. and 80° S., the winds usually have an east-to-wes( 
direction. In the Northern Hemisphere they blow rather constantly 
from the northeast, becoming east-northeast and finally nearly east 
winds as the equator is approached. Similarly, in the Soutiiem 
Hemisphere the trade winds are southeast, becoming east-southeast 
and finally nearly east In each case they blow trade — that is, in a 
fixed or nearly fixed direction. It is because of this steadiness of 
direction and not because of any relation they may have to the paths 
of commerce that they are called trade winds. Along each border 
oi this belt, or along both the northern and southern horse latitudes, 
calms are frequent, while such winds as do occur are generally light 
and variable in direction. Besides, the barometric pressure is high, 
humidity low, and sky clear. Hence it generally is inferred that 
throughout the horse latitudes the air is descendii^. This evidence, 
however, as applied to places other than the centers of maximiun 
pressure, is not quite conclusive; it only shows that the air is not 
ascending. 

Another narrow belt of calms or light, variable winds, known as 
the region of the doldrums, approximately follows the equator, where 
the two systems of trade winds, the northern and the southern, come 
together. Here, however, the barometric pressure is low, humidity 
high, and sky often filled with cumulus and other clouds that give 
conclusive proof of strong ascending currents. 

Trade winds in the sense here used — ^that is, nearly constant winds 
blowing in an east-to-west direction — do not occur on land, except 
al(mg coasts and over islands. They are mostly phenomena peculiar 
to the oceans, and even there are different from ocean to ocean, and 
also, since they tend to follow the thermal equator, somewhat different 
in latitude and intensity from season to season. 
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According to Shaw, the average velocities of the Atlantic trade 
winds are as follows : 

Trade-wind velocities, Atlantic Ocean, 

[Mfles ptf hour.] 
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From this it appears that the trades are strongest during the 
winter when their counterpart, the system of westerly winds of 
higher latitudes, is strongest ; and weakest during the summer when 
their counterpart is weakest. It also appears that the southeast 
trades, or those pertaining to the Southern Hemisphere are about one- 
third stronger than the northeast trades. This probably is due to 
the fact that the westerly winds of the Southern Hemisphere are 
stronger, on the average, than the westerlies of the Northern Hemis- 
phere. 

The trade winds of the Pacific Ocean are weaker than those of the 
Atlantic and not so constant in direction. On the Indian Ocean the 
trades are confined to the Southern Hemisphere. North of the Equator 
the winds of this ocean, being controlled by the adjacent continent, 
are distinctly of the monsoon type. 

The seasonal shifting in latitude of the trade regions and belt of 
doldrums is shown by the following table, copied from Hann's Lehr- 
buch, third edition, page 463. 

Seasonal latitude limits of trade winds and doldrums. 
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ANTFTRADE WINDS. 

As the heated and expanded air of equatorial regions overflows to 
higher latitudes it necessarily is deflected by the rotation of the 
earth. That portion which goes north changes from an east wind 
near the Equator to a southeast, south, southwest, and finally at about 
latitude 35° N., a more nearly west wind. Similarly that portion 
which goes south becomes a northeast, north, northwest, and finally, 
at about latitude 30*^ S., a more nearly west wind. 



Digitized by 



Google 



WEATHER FORECASTING IN THE UNITED STATES. 47 

At great altitudes, 10 to 15 kilometers, near the Equator the east 
to west velocity is of the order of 80 miles per hour (36 meters per 
second) . Hence its west to east velocity around the axis of the earth 
is about 957 miles per hour. As this air moves to higher latitudes its 
west to east velocity must so increase, according to the law of con- 
servation of areas, that at about 16° N. or S. its angular velocity will 
be the same as that of the earth, and itself, therefore, be moving 
only poleward in the plane of the meridian. When the thermal 
equator is removed from the geographical equator the place of pole- 
ward winds is also more or less shifted to higher latitudes. Thus 
during August and September, when the center of the doldrums is, 
roughly, 8° N., the inflection of the antitrades should occur some- 
where between latitudes 20° N. and 25° N. At other seasons when 
the doldrums are nearer the Equator the place of inflection should 
also be less removed. At still higher latitudes these upper or anti- 
trade winds become westerly, and therefore, except as modified by 
local disturbances, tend, as previously explained, to reach a limiting 
or gradient velocity and to follow parallels of latitude. However, 
there are innumerable disturbances, mainly due to the distribution of 
land and water, that cause constant and abundant interzonal circula- 
tion which feeds and indefinitely maintains the antitrade wind por- 
tion of the general or planetary atmospheric circulation. 

The depth of the trade winds or the height of the imder surface 
of the antitrades is greatest during summer and least during winter. 
It also decreases with latitude, reaching the surface, as already ex- 
plained, at about 30° N. and S. During winter the height over Cuba, 
22° N., is about 3.5 kilometers; over Jamaica, 17° N., 6.5 kilometers; 
over Trinidad, 12° N., 8 kilometers; and over Hawaii, 19° 30' N., 
about 3 kilometers. 

Indeed the trade winds as they approach the Equator also ascend 
and gradually flow off poleward, thus producing a great overflow or 
antitrade branch of the circulation, which in turn becomes the gen- 
eral westerlies of higher latitudes. These in their turn are dissipated 
by storms and other local disturbances, but after few or many vicis- 
situdes, as circumstances may determine, ultimately return to a some- 
what similar starting point. Thus the circulation is perpetual, in 
which any roimd from lower to higher latitudes and return is similar 
to, but in general by no means a duplicate of any other. There is 
a general similarity in these cycles of circulation, just as one tree is 
similar to another, but they present, as do the trees, an endless variety 
of detail. 

TROPICAL CTCLONES. 

A tropical syclone — ^the cyclone of the Indian Seas, the hurricane 
of the West Indies and South Pacific, and the typhoon of the West 
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Pacific and China Sea — consists of a vast whirl of rapidly moving 
air currents surrounding a calm and relatively small center or 
vortex. 

Distinction between tropical and extratropical cyclones. — ^Al- 
though tropical and extratropical cyclones have many similarities, 
such as low pressure centers, abimdant precipitation, same instan- 
taneous wind directions, and the like, and although it may be im- 
possible to say just when a tropical cyclone on its way to higher 
latitudes becomes extratropical, nevertheless they usually differ from 
each other in several important respects. Among these differences 
are : (a) The isobars of the tropical cyclone usually are more sym- 
metrical and more nearly circular than those of the extratropical; 
(ft) the temperature distribution around the vortex of the tropical 
cyclone is practically the same in every direction, while about the 
extratropical it is very different; (c) in tropical cyclones rains ar6 
torrential and more or less equally distributed on all sides of the 
center, in the extratropical rains usually are much lighter and very 
unequal in different quadrants; (d) tropical cyclones usually have 
calm rainless centers, 5 to 80 miles or more in diameter, while the 
extratropical rarely shows. this characteristic whirl phenomenon; 
(e) tropical cyclones are most frequent during summer of the hemis- 
phere in which they occur, while the extratropical are strongest and 
most numerous during winter; (/) tropical cyclones often move to 
higher latitudes, where they assume, more or less completely, char- 
acteristics of the extratropical cyclone. The extratropical cyclone, 
on the other hand, never invades the regions of the tropical nor 
assimies its distinctive characteristics; (g) the pressure drop of the 
tropical cyclone generally begins with the winds, in the extratropical 
it usually begins much sooner (h) the tropical cyclone has no anti- 
cyclone companion, the extratropical usually has— to the west. 

Place of occurrence. — ^Tropical cyclones occur over the tropical 
portions of all oceans except, possibly, the South Atlantic They 
are most numerous in the West Atlantic, including the Gulf of 
Mexico, Bay or Sea of Bengal, and West Pacific, including the 
China Sea, where their annual frequencies are, roughly, about 
4, 8, and 24, respectively. They seldom originate closer than 5° or 
6° to the Equator, but most frequently between latitudes 10** and 20°. 
In fact, they seem to originate almost entirely along the belt of 
doldrimis, and, therefore, since this belt follows the sun, to appear 
at higher latitudes during summer, and lower, or not at all, during 
winter. 

Size and shape. — ^The diameter of tropical cyclones vary greatly. 
Initially such storms may be no more than 50 miles across, while 
when well developed they may have diameters of 200 to 500 miles. 
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The clouded area incident to typhoons, always much more extensive 
than the surface storm, may be even 1,000 miles across. 

The shape of the cyclone, as given by the isobars, appears usually 
to be that of an ellipse whose diameters are to each other, roughly, 
as 2 to 3, with the longer axis in the direction of travel. 

Directum of wind. — ^The direction of the surface wind is spirally 
in at an angle of 30^, roughly, to the isobars, counterclockwise in the 
Northern Hemisphere, clockwise in the Southern. At an elevation 
of only 700 to 800 meters the inflow is said to cease, and above this 
level the winds are spirally out. These horizontal motions also 
necessitate a correspondingly strong upward component around the 
vortex or inner portion of the storm, and a slower downward com- 
ponent over a much greater surrounding area. 

Velocity of wind. — ^The velocity of the wind varies greatly in dif- 
ferent tropical cyclones and even more greatly in di^erent portions 
of the same storm. Near the center, or within the eye of the storm, 
which may have any diameter from 5 to 30 miles or more, the wind 
is very light and the sky clear or only partially covered with high 
clouds. Away from this center, especially on the poleward side, the 
winds often reach destructive velocities of 100 to 125 or even 150 
miles an hour, but decrease in violence rather rapidly with increase of 
distance from the center, dropping to only moderate winds of 80 to 
40 miles an hour at a distance of, say, 200 miles. 

Direction of travel. — Tropical cyclones of the Northern Hemi- 
sphere first move west then usually northwest Many turn north at 
latitude 20® to 25**, roughly, and finally move away to the northeast. 
In the Southern Hemisphere the corresponding directions of travel 
of the tropical cyclone are: West, southwest, south, and finally 
southeast. 

Velocity of travel. — ^The velocity with which tropical cyclones 
travel varies from almost zero in certain cases, especially at or near 
the place of inflection when this happens to be abrupt, to, perhaps, 
500 miles a day. Over the Bay of Bengal, Arabian Sea, and China 
Se% the velocity averages about 200 miles a day. Over the south In- 
dian Ocean the velocity ranges from 50 to 200 miles a day. Over 
the west Atlantic the average velocity before and during recurvature 
is about 260 miles a day, but after recurvature — ^that is, when moving 
northeast over middle latitudes — about 400 miles per day. 

Origin and nuuntenance. — Tropical cyclones originate in a belt or 
region of doldrums where convectional rains are frequent and heavy. 
They rarely occur closer than within 5*^ or 6° of the Equator, and both 
vertical convection and earth rotation contribute to their mechanism. 

The atmosphere of a doldrum belt becomes very warm and humid, 

and therefore frequently is in a state of vertical convection. The 

33692'— 1 
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upward branches of this convection are nearly always limited to very 
restricted areas, where they break through, as it were, and give rise 
to local thunderstorms. Occasionally, however, heating and expan- 
sion must take place more or less uniformly over a comparatively 
extended region. So long as the upward current is gentle and re- 
stricted to a small area, the compensating inflow from the sides is 
also gentle and can produce only a cumulus cloud and, perhaps, a 
thunderstorm. In the event that such a storm is formed the inflow- 
ing counter current to the ascending warm air is replaced by an 
equivalent column or sheet of descending cold air immediately to 
the rear of the ascending; that is, the loss of warm surface air is 
compensated by an equally concentrated and vigorous downflow of 
cold upper air. Hence rotary circulation, since it depends upon 
horizontal inflow from all, or at least several, sides, is not possible in 
the case of ordinary thunderstorms, whatever their location. 

On the other hand, an approximately equal expansion of air over 
a relatively large area, whether caused by an increase of tempera- 
ture, or vapor density, or both, must lead to an overflow above and a 
corresponding surface inflow around the outer borders. 

Obviously the rate of volume overflow at any time is proportional 
to the area hx\ question, while the corresponding inflow is propor- 
tional to the boundary multiplied by the average normal component 
of the wind. If the area is circular with, radius Ry it follows that 
the rate of outflow above is proportional to Ilff*, and the rate of 
inflow below to Fn2II^, in which Vn is the average radially inward 
component of the wind at the distance R from the center. But as 
the two currents compensate each other, except as modified by pre- 
cipitation, explained below, it follows that F«, other things being 
equal, is proportional to R. Hence when the area involved is rather 
large, 100 miles, say, in diameter, the relatively shallow and spirally 
moving compensating or return current may become very perceptible. 
This at once feeds the entire rising column with excessively humid 
air. Hence, it becomes an even better absorber than before of both 
insolation and terrestrial radiation, and, therefore, is likely even to 
increase its rate of expansion. Hence, widespread condensation may 
soon begin. If so, the latent heat thus set free, while it does not ac- 
tually raise the temperature of the air, reduces the rate of adiabatic 
cooling from approximately 1° C. to about 0*^.4 C. per 100 meters 
increase of elevation, and thereby establishes \^ithin the rising col- 
umn temperatures distinctly higher than those of the surrounding air 
at the same level. In this way the circulation is accelerated, and 
thereby the rate of condensation and freeing of latent heat increased, 
until, through growth of size, restricted supply of water vapor, and 
other causes, a limiting but somewhat steady state is reached. 
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When the conditions here described occur at some distance from 
the equator, the rotation of the earth deflects the inflowing air and 
establishes a rotation around the region of lowest pressure, a result 
obviously accentuated whenever it takes place, as occasionally it may, 
between the borders of more or less oppositely directed trade systems. 
As the air flows in, under the law of the conservation of areas, its 
angular momentum remains constant, except as diminished by fric- 
tion and viscosity. Hence, since surface drag is most effective at but 
small elevations, the atmosphere at only 100 to 200 meters above the 
water may, as it moves inwards, soon reach a velocity at which the 
pressure gradient overcomes the resistances of motion and balances 
the centrifugal tendency and the earth's deflective force. 

When such velocity is reached, as it obviously may be at any 
appreciable altitude, inflow at that place necessarily ceases. Near the 
water, however, this limiting velocity is prevented by surface fric- 
tion. Hence, as soon as the whirl is well established it must be fed 
almost exclusively by the lowest and, therefore, most humid air. In 
this way a maximum amount of precipitation, and, through it, a 
maximum amount of storm-sustaining thermal energy, is secured. 

That the energy supplied by condensation is essential to the main- 
tenance of the tropical cyclone is evident from the fact that there is 
a tendency for it to go to pieces over dry land, especially before it 
has recurved, or wherever precipitation fails. i 

Of course similar atmospheric expansions may, and doubtless do, 
occur in the doldrums when they are on or very close to the equator. 
In this case, however, a whirl is impossible, and therefore a low so 
initiated will soon fill by gentle, somewhat radial, winds from all 
sides and at considerable altitudes, or, at most, mere local thimder- 
storms will develop. 

From the above, it is evident that the seat, so to speak, of the 
tropical cyclone is where the sustaining energy is supplied ; that is, 
where condensation is taking place. Hence, the movement of the 
air at this level, and not at the surface, determines the course of the 
storm, and even carries it athwart shallow surface winds. 

Hypotheses as to the origin of extra-tropical cyclones. — It may be 
profitable to mention one or more of the principal hypotheses that 
have been advanced from time to time to account for the origin of 
cyclones and anticyclones. 

The convectional hypothesis^ as put forth and elaborated by Ferrel, 
postulates that in consequence of the differences in density due to 
differences in temperature in a horizontal direction a convectional 
interchange of air between the areas of different temperatures arises 
and there result differences in pressure, and, consequently, cyclones.* 

iPor the details of thli theory see "A Popalar Treatise on the Winds/' Ferrel, pp. 
227-241. 



Digitized by 



Google 



62 WEATHER FOEECASTING IN THE UNITED STATES. 

The driven eddy hypothesis. — ^This hypothesis, first enunciated by 
von Hann, is as follows : 

The forces which set up the atmospheric circulation of the higher latitudes, 
especially in winter, have their origin in the warmth of the tropics — ^that is 
to say, in the difference of temperature between the polar regions and the 
equatorial zone. Cyclones and anticyclones are but partial phases of the 
general circulation of the atmosphere. The air-currents that set toward the 
poles as a consequence of the upper gradients are partially resolved in vorticea 
in the higher latitudes, and their progressive movement is chiefly determined 
by the prevailing westerly direction of the wind currents. The influences of 
variations of the terrestrial surface, of the heating and cooling of continents 
and oceans, as well as of the local influx of water vapor and its condensation, 
are but of secondary importance. They may, however, strengthen or destroy 
the ascending or descending eddies, and modify their paths and their rate of 
progression. (Nature, Nov. 6. 1890, p. 16.) 

Prof. Davis,^ in discussing the merits of the convection and driven 
eddy hypotheses, respectively, says: 

If, on the other hand, cyclonic and anticyclonic disturbances are produced 
by the irregular flow of the general winds, it is probable that these disturb- 
ances would originate in the higher regions of the atmosphere where the winds 
blow much faster than on the earth's surface. The differences of pressure 
at high altitudes would be felt down to sea level, and, as the lo^er winds 
move with comparative slowness, they would be governed by the gradients thus 
imposed on them by the irregular movements of the upper winds. According 
to this theory, an area of high pressure would be perceived at sea level 
beneath a district where the upper currents crowd together; and an area of 
low pressure or a cyclonic storm would be developed beneath a region where 
the upper currents are somewhat divergent. 

The cownter current hypothesis. — Prof. Milham gives this hy- 
pothesis, as follows : * 

The region of strongest air currents, and thus most vigorous exchange of air 
between Equator and pole, seems to be at an elevation of about 1.5 miles above 
the earth's surface. Suppose that there are two great air currents at this level 
flowing side by side but of opposite direction and of very different temperature, 
the one on the right being warm and flowing poleward and the one on the left 
being cold and flowing equatorward. Due to this difference of temperature, at 
the earth's surface there will exist an area of low pressure with spirally in- 
flowing winds turning counterclockwise in the northern hemisphere. The truth 
of these statements becomes evident when the structure of a low above the 
earth's surface as given in section 28S is considered. It was there shown that 
the atmospheric whirl which exists at the earth's surface degenerates at a 
height of a little more than a mile into two counter currents flowing in different 
directions with very different temperatures. The converse is equally true. 
Two currents in the upper atmosphere necessitate a low with inflowing winds 
at the earth's surface. A low, then, with its spirally inflowing winds may be 
considered simply as the surface effect of two powerful counter currents of 
very different temperature in the upper atmosphere. Since the exchange of 
air between Equator and pole is more vigorous in winter than in summer, the 

1 Elementary Meteorology, 1804, p. 219-220. 

> Meteorology, MUbam, New York, 1012, p. 811. 
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number and intensity of lows should be greater in winter than in summer. 
This theory, then, seems to meet all the observed facts, to be free from objec- 
tions, and to l>e plausible, but not so easy to picture as some of the other 
theories. 

The above quotations are given for whatever they may be worth. 
The author is frank to say, however, that none of them conveys to 
him any clear and workable conception of the origin, mechanism, or 
maintenance of the extratropical cyclone. 

Extratropical cyclones. — ^The strong winds and heavy precipita- 
tions of middle latitudes are associated with the occurrence of low 
barometric pressure, while gentle winds and clear skies are as com- 
monly associated with the occurrence of high barometric pressure. 
Hence cyclones, or that system of winds that accompany and sur- 
round a region of minimum pressure, and anticyclones, or that sys- 
tem of winds that follows and delimits a region of maximum pres- 
sure, deserve and have received a vast amount of observation and 
study. Nevertheless, in many respects — in their origin, in their 
temperature distributions, and in the laws of their movements — 
cyclones and anticyclones in great measure still remain the meteoro- 
logical mysteries they have always been. 

Although cyclones and anticyclones are as closely associated and 
as fully the complements of each other as are hills and hollows, it 
nevertheless will be convenient to consider them independently. 

Size. — ^The area covered by a cyclone, the largest of all distinctive 
storms, nearly always amounts to more than a million of square 
miles. In North America the average diameter of these storms is 
estimated to be roughly 1,500 miles. Over the North Atlantic their 
diameters are still larger. In other parts of the world substantially 
the same great magnitudes obtain; in fact, the semipermanent or 
winter Aleutian tow appears usually to be much larger than the 
traveling cyclones of the Atlantic or even the great semipermanent 
Icelandic low. 

Direction of movement of cyclonic center. — ^The direction in which 
the center of a cyclone travels, wherever it may be located, is sub- 
stantially the same as that of the higher clouds or of the atmosphere 
at 6 to 10 kilometers above sea level. In general, therefore, the 
cyclones of middle latitudes move from west to east, with a southerly 
dip over continents and a northerly deflection over oceans. 

Locus of maaATwrnri cyclonic frequency. — ^Probably no part of the 
earth's surface more than 8^ or 4° from the Equator is wholly free 
from cyclonic storms. The frequency of their occurrence, however, 
varies greatly with respect to both time and place. Beginning with 
the West Pacific, during summer and fall many cyclonic storms come 
from the general region of the Philippines and move northeast across 
or on either side of Japan. Winter and spring cyclones enter on this 



Digitized by 



QiOo<^z 



64 WEATHEE FOEECASTINO IN THE UNITED STATES. 

same general course at latitudes 30® to 40°, some presumably being of 
oceanic origin, while others obviously either develop within or cross 
over China. In any case the general track of these storms is along 
the Japanese and Kurile Islands, thence east over the Bering Sea. 
The main path is then southeast across the Gulf of Alaska, with the 
cyclones, including offshoots from the Aleutian low, crossing over 
the continent anywhere between latitudes 40° and 60°, but appar- 
ently most frequently in the general neighborhood of Vancouver 
Island, 60° N. These Pacific liows usually cross the continent nearly 
from west to east, dipping slightly south over the Great Lakes, and 
finally leave it by way of Newfoundland. A smaller number of 
cyclones from the North Pacific dip far south, somewhat like the 
Mediterranean branch, to about latitudes 35° to 40°, but usually 
recurve west of the Mississippi and join the main course as they 
reach the Atlantic. Those cyclones that originate in or cross over 
Central and Southern United States, or the Gulf of Mexico, move 
northeast and gradually merge their paths with that of the Pacific 
cyclones anywhere from the Great Lakes to the Newfoundland 
Banks. Other cyclones coming up from the Florida and West 
Indian regions follow the coast, not far offshore, and also merge 
their paths with that of the others in the neighborhood of New- 
foundland. Half way or more across the Atlantic the path of maxi- 
mum storm frequency breaks up into at least three distinct branches. 
The main branch turns far north mainly by way of the Norwegian 
Sea, then southeast, entering Bussia in the neighborhood of the 
White Sea, and passing on toward central Asia. A second branch 
turns southeast and crosses Europe, mainly along the northern side 
of the Mediterranean, and then turns north either across Austria 
toward northwest Bussia or by way of the Black Sea toward central 
Asia. A third and least branch appears usually to lie just south of 
Ireland, and to cross both the North and the Baltic Seas, and then, 
like the others, to move on toward Siberia and central Asia. 

The cyclonic storms of central and northern Asia do not appear 
to be very numerous. Nevertheless, their track of maximum fre- 
quency seems to turn south, as it does over North America, as far 
as Lake Baikal, thence probably to the Sea of Okhotsk and across 
or to the south of Kamchatka to the main storm path north of the 
Aleutians, as already explained. 

In the Southern Hemisphere the path of maximum storm frequency 
appears to follow closely the 60° parallel of latitude. Presumably, 
the path dips poleward at both the Boss and the Weddell Seas, as 
each of these are regions of semipermanent low pressure. 

It must be remembered, however, that in both the Southern Hemis- 
phere and the Northern, cyclonic storms occur almost everywhere, 
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and therefore the paths or routes above described are only those 
of maximum cyclonic frequency^ and not paths of exclusive travel. 

Velocity of travel. — ^The velocity with which the center of a cy- 
clonic storm moves along its path varies greatly. It depends upon 
the season, being fastest in winter and slowest in summer; upon 
location, being faster in America than in Europe, for instance; and, 
finally, upon the individual storm. 

The following table gives average velocities for different parts 
of the Northern Hemisphere. Those pertaining to the United States 
are computed from a table of average 24-hour movements as deter- 
mined by Bowie and Weightman^ from 16,239 observaticms, cov- 
ering the years 1892-1912, inclusive. The others are from Hann's 
Lehrbuch der Meteorologie, third edition, page 518. 

Average velocity of cyclones in meters per second. 
[For th« United States the vdocity is also given in miles per hoar.) 
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Frequency. — ^The frequency of the occurrence of cyclonic storms 
varies not only from place to place, as already explained, but also, 
at any given place, or jeven over an extensive area, probably an en- 
tire hemisphere, according to season. Tropical cyclones, it will be 
recalled, are far more frequent during summer and early fall than 
during winter. Mid-latitude cyclones, on the other hand, have ex- 
actly the opposite relation of frequency to season, being, in general, 
most numerous in winter and least numerous in summer. Excep- 
tions to this rule apply to the paths of tropical cyclones next after 
the recurvature, provided we regard such storms as having then 
become extratropical. Perhaps exceptions also apply to certain 
regions on the poleward sides of the main cyclonic routes, since these 
are farthest north in summer and farthest south in winter. This, 
however, is not certain. A statistical investigation might show that 
even the greatest increase due to latitude shift is more than com- 
pensated by the general seasonal decrease in frequency. 

When all lows that appear in the United States or southern Can- 
ada, whether short or long lived, weak or intense, are counted, it 
appears^ that the frequency of summer (June, July, and August) 
LOWS is to that of winter (December, January, and February) i/m^ 

> Monthly Weather Review, Supplement No. 1, p. 8, 1914. 

' Bowie and Weightman, Monthly Weather Beview, Supplement No. 1, p. 7, 1914. 
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approximately as 5 to 8. On the other hand, if only long-lived 
cyclones are considered, it appears* that in the United States the 
frequencies of summer to winter storms are only about as 2 to 9 
and those of Europe as 3 to 10. 

In either case, then, that is, whether only the longer lived and 
more intense cyclonic storms are counted or whether all of whatever 
magnitude and duration are included, it seems that they are most 
frequent during winter and least frequent during summer. Further- 
more, the extratropical cyclones of winter are not only more nu- 
merous than those of summer but also, in general, longer lived, 
more intense, and faster moving. 

Direction of winds. — ^From the directions of winds in and about 
a region of low barometric pressure, as given on synoptic charts, 
it is often inferred that cyclonic winds circulate spirally inward and 
upward and then outward around a storm axis, counter clockwise 
in the northern hemisphere, clockwise in the southern. This indeed 
is, in general, the course of the winds in tropical cyclones, especially 
when violent and of small diameter, as the eye of the storm and di- 
rections of cloud movements clearly indicate, but it does not apply 
to extratropical cyclones, except perhaps occasionally to one of ex- 
ceptional violence and small diameter. Extratropical cyclones 
rarely have clear centers, as they would if the circulation about them 
was closed or along spiral paths of repeated turns. Neither is a 
closed circulation indicated by the movements of the clouds. Again, 
it often happens that the velocity of the forward-moving wind of a 
cyclone is less than that of the storm itself, so that instead of flow- 
ing around the storm center it necessarily is left behind. 

Synoptic weather maps show instantaneous wind directions, which 
represent wind paths only when the storm as a whole is stationary. 

The main body of the storm winds, those below an elevation of 5 
or 6 kilometers, except near the surface, move at any instant roughly 
parallel to the isobars. That is, each air mass moves approximately 
at right angles to the direction of the horizontal pressure gradient. 
This does not mean that the path of any given particle is around and 
around the center of low pressure, because this center itself and its 
system of isobars are both in rapid transit. Near the surface the 
velocity is so slowed down that the deflection forces no longer balance 
the horizontal pressure gradient and the winds of this level are 
directed inward across the isobars. 

Deviation from isobars. — ^The angle between the surface wind di- 
rection at any place within a cyclonic storm and the isobars is least, 
«, when the winds are swiftest — therefore least to the south and east 
of the storm center and greatest to the north and west ; 6, when the 

1 U. S. Weather Bureau Bulletin A, p. 6, 1893. 



Digitized by 



Google 



WEATHER FORECASTING IN THE UNITED STATES. 57 

velocity of the storm as a whole is least, consequently in the summer 
time, because during this season the storm movement is less than 
during other seasons; c, over water, where it is roughly 10°, because 
the surface drag is less here than over land, where the deviation 
averages 40° to 50°. 

It is important to note also that usually the deviation does not 
greatly change with distance from the center. This follows from the 
fact that the wind velocity and the ht>rizontal pressure gradient both 
are roughly ccmstant in any given direction from the center, so long 
as only points distinctly within the storm area are considered. 

With increase of elevation and consequent decrease of surface drag, 
the deviation from the isobars decreases by 25° or 30° in the first 
kilometer. Beyond this elevation it still decreases, but relatively 
very slowly. At an elevation of several kilometers the velocity of 
the air is decidedly greater than that of the storm, and, therefore, 
air that may have risen to this level is carried forward. Hence, the 
main outflow of the extratropical cyclone is toward the east. 

Wind velocity. — ^The strongest upper winds of the extratropical 
cyclone are on its south and west sides, where the isobars are most 
crowded and where the direction of the winds is substantially that 
of the storm movement. 

The actual velocity of the wind in the different quadrants of a 
cyclone and at different elevations is given in the following table 
by Peppier,* based on a large number of measurements made during 
1903-1908 at Lindenburg; latitude, 52° 10' N.; longitude, 14° 15' E. 
Probably other mid-latitude regions have approximately the same 
cyclonic wind velocities. This, however, is not certain, nor are there 
available sufficient data for determining the question. 

Convection. — ^The movements of the air in the vertical, in an extra- 
tropical cyclone, ot between such a cyclone and a neighboring anti- 
cyclone are not known with much detail and accuracy. However, 
since the cyclone moves eastward with the air currents directed in- 
ward across the isobars, it is obvious that ordinarily the chief air 
convergence, due in part to increase of latitude, and therefore prin- 
cipal vertical convection, must be on the front or east side. Temper- 
ature also usually helps to locate the chief upflow in this quadrant, 
since its winds necessarily are from lower latitudes. 

This localization of the uprising air explains why, other things 
being equal, most of the precipitation due to cyclonic storms occurs 
to the east and southeast (northeast in the Southern Hemisphere) 
of the center. 

^ Beitrftge inr Physik der freien AtmosphftFe, 4, p. 95» 1911. 
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Cyclonic wind velocity in metern per hecond and {mUeu per hour). 
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Other things, however, are not always equal. Thus, an extensive 
plain rising gradually to great elevations may slope in such directicm 
that the mechanical or forced convection over it on one side of a 
cyclonic center may approach or even exceed the thermal convection to 
the east The Great Plains east of the Eocky Mountains illustrate this 
point. Here precipitation, in the case of " stagnant " or slow-moving 
LOWS, usually is most pronounced to the north of the center where the 
winds are persistently up the slope. This is an extreme case, but it 
suffices to show that a rule relating to shifting winds and clear or foul 
weather that applies well in one place may not apply at all in another. 

Semipermanent. — ^The name, semipermanent cyclone, or semiper- 
manent LOW, has been given to that system of winds of any region over 
which the barometric pressure habitually or seasonally averages lower 
than for the surrounding regions. The term generally is used as 
though it applied to but one and the same cyclone, however much it 
may shift in position or even for a time wholly disappear. Thus we 
say the Icelandic low not cm Icelandic low. Similarly, we say ths 
Aleutian low not an Aleutian low. But, as stated, this applies only 
to average conditions. In reality there is no one permanent Icelandic 
low, for instance, that retains its identity wherever it may.be, but 
only a series of sluggish or temporarily fixed lows, all of which form 
at or invade practically the same restricted region. 

There are several such regions of semipermanent cyclones in various 
parts of the world. The most nearly permanent, at least in the 
Northern Hemisphere, and at all times one of the most productive, lies 
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southeast of Greenland and southwest of Iceland. Another such 
region, active during winters only, lies along and to the south and 
southeast of the Aleutians extending to and including the Gulf of 
Alaska; the Norwegian Sea and, possibly, the Sea of Okhotsk are 
other such high-latitude regions. The Gulf of Lyon is a low-pressure 
haunt during the winter, as is also the Black Sea and the Caspian 
Sea, as its monsoon winds definitely show. The Gulf of Mexico, over 
which occasional winter cyclones appear to generate, may likewise be 
added to the above list. 

In the Southern Hemisphere the regions of most persistent lows are 
the Ross Sea and its counterpart, the Weddell Sea, on the other side 
of the continent. 

All the above-named regions have surfaces warmer than those that 
surround them. The circulation thus induced, acted upcm by the 
deflective force due to the earth's rotation, necessarily becomes a sys- 
tem of cyclonic winds. Thus the warm waters off the coast of Green- 
land and Iceland necessarily maintain the atmosphere above at higher 
temperatures, level for level, than those over the neighboring ice caps. 
Hence, practically a continuous overflow of air from the one place, 
with compensating drainage and inflow from the other, is enforced 
by the existing and perpetually maintained distributicm of unequal 
surface temperatures. During the winter, when these temperature 
contrasts arei most pronounced, the resulting Icelandic low is most 
intense, but it prevails through summer also, and for the simple reason 
that the necessary temperature gradients though weakened, are 
neither obliterated nor reversed — the water remains always warm in 
comparison with the ice caps of both Greenland and Iceland, which 
persist from season to season and from year to year. 

The Aleutian low, on the other hand, is merely seasonal. It pre- 
vails only while the adjacent Alaskan and Siberian regions are snow 
covered and relatively cold. When this snow is gone the temperature 
gradients are even reversed and the offshore drainage of winter is 
replaced by the onshore winds of summer. 

Obvious similar considerations and explanations apply to all the 
other regions frequented by semipermanent cyclones. 

Permanent lows, — ^There are two well-developed, permanent lows, 
and also a third imperfectly developed. These are: (a) The equa- 
torial LOW, which roughly follows the equator through its entire 
course, due partly to the relatively high temperature of this belt and 
partly to the right and left deflective forces of the westward winds 
of the Northern and Southern Hemispheres, respectively. (6) The 
Antarctic trough, encircling Antarctica generally between 60® and 
70° S. and having an annual average pressure of about 740 milli- 
meters. This LOW is mechanically sustained jointly by the swift 
west winds over the oceans and the east to west component of the 
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southeast winds from Antarctica, (c) The Arctic trough, analo- 
gous to the Antarctic trough but less symmetrical and apparently 
only fragmentary. 

Migratory cyclones. — ^The great majority of extratropical cyclonic 
storms are migratory, as a rule breaking oflf apparently from or in 
some manner being induced by the semipermanent lows, but occa- 
sionally forming at almost any other place, especially along the more 
frequented storm paths. The genesis, the development, and the 
detailed structure of these storms are by no means obvious nor well 
understood. Discussions of these features are to be found in m^;eor- 
ological literature generally, but are hardly appropriate here. 

ANTICTCIiONBS. 

These great wind systems are in many respects counterparts and 
in some cases traveling companions of the cyclones. The barometric 
pressure is high and the gyratory motion of the winds is clockwise 
in the Northern Hemisphere and the reverse in the Southern. For 
convenience in subsequent discussion in the interests of forecasting 
anticyclones will be classified as follows: Permanent; semiperma- 
nent; migratory. 

Permanent anticyclones. — Certain beltlike regions of relatively 
high barometric pressure encircle the earth along the borders be- 
tween trade winds and the west winds of adjacent higher latitudes — 
that is, at about 30*^ to 35® north and south latitudes. Although of 
different character from place to place and showing some variations, 
these belts are always recognized as permanent highs. They are best 
developed over the oceans, where the trade winds upon which they 
seem to depend are strongest and steadiest. These belts are shown 
in figure 13. 

In addition to the belts just mentioned there are two extensive re- 
gions, Antarctica and Greenland, where the barometric pressure is 
always high. At each place the high pressure appears to be the 
result of the very low prevailing temperatures, which in turn are 
due in part to the great elevations and in part to the free and abun- 
dant radiation from the snow surface through the comparatively 
clear skies — kept generally free from clouds by the descent of the 
upper air induced and maintained by the lower circulation. That 
surface radiation is an essential factor in establishing and main- 
taining these low temperatures is highly probable. 

The monsoonlike flow of air masses resulting from the great tem- 
perature contrasts described is manifest in those strong and persist- 
ent southeast or anticyclonic winds that characterize the climates 
of the border and all explored portions of Antarctica except, of 
course, near the pole, and presumably, therefore, of the whole con- 
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tinent. Similar, though less vigorous, anticyclonic winds also pre- 
vail over and around Greenland. 

Each of these great regions, but especially Antarctica, by virtue of 
its strong and continuous refrigerative effect, obviously is exceed- 
ingly effective in its influence on the atmospheric circulation of its 
lespective hemisphere. If there were no such extensive high and 
snow-covered areas in the polar regions, it is clear that our general 
circulation would be less vigorous and doubtless very different in 
many places. 

Semipermanent curdicycloneB. — ^As is well known, there are five 
semipermanent highs, all of which occur on the oceans, two, as 
figure 13 shows, about 35° north of the equator and three about 32^ 
south of it. Two are on the Pacific Ocean, one west of southern 
California, the other off the coast of Chile; two on the Atlantic 
Ocean, near the Azores (known as the Azores high) and off the 
coast of southern Africa; and one on the Indian Ocean about half- 
way between Africa and Australia. A sixth oceanic high of this 
same class, but far less persistent than any of the above, often de- 
velops, especially during winter, in the region of the Bermudas. 

There appears to be a close relation between the intensities and 
locations of these highs and the directions and velocities of the sur- 
rounding winds, even to great distances, as shown by figures 14 
and 15. 

Migratory, — ^The anticyclone to be considered here is the common 
one of middle latitudes. The directions of its system of winds, but 
in no sense the complete paths of the air particles, are spirally out- 
ward—clockwise in the Northern Hemisphere, counterclockwise in 
the Southern. 

Velocity of travel. — ^The velocity with which an anticyclone travels 
does not appear to have received much attention. However, some 
data as to the movement of cyclones has already been given, and since 
the cyclone and the anticyclone are frequently correlative parts of a 
single great atmospheric disturbance it follows that the two probably 
travel with substantially the same velocity. The size and frequency 
of many of the migrating anticyclones are substantially the same as 
those of the cyclone, while their directions of travel and their paths 
of maximum frequency, though running farther south, roughly 
parallel the directions and paths of the latter. 

Wind velocity. — The actual velocity of the wind in the different 
quadrants of an anticyclone and at different elevations is given in 
the following table by Peppier,* based on a large number of observa- 
tions made during 1903-1908 at Lindenburg, latitude 52® 10' N., 
longitude 14® 15' E. Probably other mid-latitude regions have 

^ Beltrige snr Phjilk der frelen Atmosph&re, 4, p. 95» 1911. 
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approximately the same anticyclonic wind velocities. This, however, 
is not certain, nor is there at hand sufficient data to determine this 
question. 

Anticyclonic wind velocity in meters per second and (miles per hour). 
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SECONDARY WINDS. 

Although in greater or less measure all winds are interdependent, 
only a relatively small number obviously are generated and main- 
tained by other and coexisting winds. Among these are eddy winds, 
foehn or chinook winds, and, presumably, the winds of the tornado. 

Eddies. — ^Wherever the wind blows across a steep-sided hill or 
mountain, eddies are likely to be formed, especially on the lee side. 
In such cases the direction of the surface wind is approximately op- 
posite to that of the general or prevailing wind, with a calm be- 
tween them. 

For the practical purpose of the weather forcasfer, wind eddies 
have but little significance, except in one important particular — ^he 
must disregard all reports of wind direction obtained at places where 
eddies are likely to prevail. 

Foehn, chinook. — ^The foehn, or chinook as it generally is called in 
North America, is a warm, dry wind blowing down a mountain side 
and over the valleys and plains beyond. It differs from the typical 
drainage wind in being warm, level for level, and not cold, as is the 
latter, in comparison with the air of surrounding regions^ 
•—16 5 
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Any system of winds, whether of trade, cyclonic, or other origin, 
extending to or near to the surface and blowing more or less nor- 
mally across a mountain ridge, is necessarily accompanied by up- 
currents, dynamically cooled, on the windward side and down-cur- 
rents, adiabatically heated, on the lee side, except along the imder 
portions of such eddies as may be produced, where the directions and 
consequent temperature changes are just the reverse. 

From a consideraticm of all attendant facts and conditions the 
following statements are justified: 

1. Foehns occur at all seasons. 

2. The humidity of the f oehn is always low. 

8. The rise in temperature is greatest when the original vertical 
temperature gradient is least. Hence, greatest, other things being 
equal, (a) when the upper air is warmest, that is, when there has 
been precipitation to the windward; (6) when the surface air is 
coldest, that is, when there has been free night radiation (clear 
skies) cm the lee side; and (c) during winter, when the vertical tem- 
perature gradient through the first several hundred meters may be 
only 4"^ C, say, per kilometer, instead of the usual 7^ to 8** C. of 
simmier. 

Since f oehn winds often are swift and the heating rapid, it follows 
that the most pronounced of them are quite likely to be accompanied 
also by frequent but irregular convections, and, therefore, strong 
gusts, swirls, and general turbulence. Under favorable conditions 
a foehn may even develop a secondary low, the primary, of course, 
being on the same side of the mountain. 

Tornado. — ^The tornado,^ in which the air travels in approximate 
circles, as its name implies, is well nigh peculiar to the United States 
east of the Rocky Mountains. It is not equally distributed over 
even this area, occurring rarely in the Alleghenies, seldom along the 
Gulf and Atlantic coasts, frequently in central and northern Ala- 
bama, Georgia, and South Carolina, Ohio, Indiana, Illinois, and 
southern Michigan, and most frequently in Missouri, Kansas, and 
Iowa. 

The tornado develops usually in the southeast quadrant of an 
area of low pressure, in which the horizontal temperature gradients 
are pronounced, and the relative humidity is moderately high. 

The season of most frequent occurence is spring and early sum- 
mer; in fact, during winter tornadoes are unknown, except occasion- 
ally near the Gulf and in other warm sections. The time of most 
frequent occurrence is 8 to 5 p. m. While it is a local phenomenon, 
the conditions favorable to its genesis are much more extensive, so 

1 For detailed discusBlon eee Flntey, Tornadoes, New York, 1887 ; and Ferrel, A Popular 
Treatise of the Winds, New York, 1889. 
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that a number of tornadoes may develop, even close together, ih 
connection with a single cyclone. 

The diameter of the tornado averages only about 1,000 feet (305 
meters) ; the length of its path varies from 100 yards to, possibly, 
300 miles (100 meters to 500 kilometers) ; its direction of travel 
is nearly always northeast; its rate of travel, though differing 
greatly, averages roughly 25 miles per hour (11 meters per second), 
thus passing a given point in half a minute or less ; while its winds, 
always coimterclockwise, are the swiftest known, estimated at 100 
to 500 miles per hour (45 to 225 meters per second). It is therefore 
by far the smallest, briefest, and severest of all storms. Essentially, 
it is a phenomenon of the middle atmosphere. In its genesis clouds 
whirl around a central core with great velocity and turmoil, while 
beneath, a funnel-shaped cloud develops, usually tapering off to a 
long pendant spout that may or may not extend to the earth. 
AVherever it does reach the surface it produces a deafening roar 
and practically everything in its immediate narrow path that can 
be blown down or torn to pieces is destroyed, though generally but 
little damage is done on either side. On the other hand, wherever it 
it does not come to the surface its passage produces but little or no 
effect. 

Came, — From the characteristics of the tornado and from the 
meteorological conditions that normally accompany it, it appears 
that its origin must be purely mechanical. Thus its rotation ob- 
viously is derived essentially from that of the cyclone in which it 
occurs, since it is always in the same sense, counterclockwise, however 
small its diameter, and never clockwise, as is often the case with large 
dust whirls when formed in still air. But how is the rapid rotation 
started ? From the directions of the V-shaped isobars, when the latter 
are observed, it is clear that at a kilometer or so above the surface 
there must be neighboring winds whose directions are approximately 
opposite — adjacent and, of course, more or less intermingling and 
overrunning countercurrents. Hence, under these conditions, the 
inflow that feeds any strong upcurrent, such as always exists just in 
front of a thunderstorm, must occasionally bring these counter- 
currents so close together as necessarily to produce a violent whirl. 

Here, too, as in so many other cases of atmospheric motion, the 
law of the conservation of areas, or the constancy of the product of 
radius of curvature by linear velocity, obtains, except as modified by 
friction and viscosity. Hence, as the radii of curvature of the oppos- 
ing currents may at first be comparatively large, but relatively small 
after being strongly deflected by convection, it follows that the wind 
velocity within the whirl, in which both the countercurrents are 
taking part, may be very great. This rotation, however, does not 
check the upcurrent, hence that convection which, as explained 
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above, is essential to the rotation is maintained, and therefore the 
rising currents are brought in spirally with increasing angular and 
linear velocity as the axis of spin is approached. Each filament, so 
to speak, of the spirally rising air viscously drags along its under 
and slower neighbors, thereby bringing them nearer the axis and 
increasing their velocity. In this manner the whole of the rising 
column is set whirling with greater or less velocity. Aroimd the axis 
of rotation the pressure obviously is reduced in proportion to the 
centrifugal tendency, the temperature correspondingly lowered, and 
therefore a cloud spout often formed. 

Wherever the inflow of the surface air is greatly checked, or its 
course so altered by a deflecting hill or other obstacle as greatly to 
decrease the spin, there the tornado must lift. It may, however, 
retain its full vigor in the unaffected upper air and soon reach the 
surface again. 

Why essentially peculiar to the United States. — Since the tornado 
rarely occurs in violent form except in that porticm of the United 
States which is east of the Bocky Mountains, it follows that the 
combination of meteorological conditions essential to its genesis 
seldom obtains in other parts of the world. This combination ap- 
pears to be very simple— only a vigorous convection between strong 
neighboring countercurrents. Hence, since vertical convection, as 
indicated by thunderstorms, is common enough in most parts of the 
world, it follows that the other factor, namely, strong counter- 
currents, is the distinctly American phenomenon. That such cur- 
rents should often occur east of the Bocky Mountains is obvious from 
the position and trend of these mountains themselves and the loca- 
tion of the Gulf of Mexico. No other similar combination of moun- 
tain and ocean wind controls exists, and therefore no other place has 
in all respects the same kinds, frequencies, and intensities of storms. 

WaterspcMts. — Only its well-established name requires that the 
waterspout shall be specifically mentioned, since mechanically it 
does not differ essentially from the tornado, however greatly the two 
may differ in extent and violence. 
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CHAPTER III. 

WEATHER FORECASTING, PRELIMINARY STATEMENT. 

By Alfred J. Hbnbt, Professor of Meteorology. 



Basis of forecasts 69 

Cyclones, geographic origin of 70 

Forecasting from synoptic charts. 70 

The cyclone or low 71 



Pressure and temperature change 

charts 72 

Terminology 74 

Types of isobars 75 



PRELIMINARY STATEMENT. 

Basis of forecasts. — After an experience of many years, the fore- 
casters of the Weather Bureau continue to make all forecasts of every 
character as to future weather conditions solely upon the basis of 
synoptic weather maps. Such maps give a graphic presentation or 
picture of the meteorological conditions prevailing for the moment 
throughout extensive regions of the earth's surface. It is desirable, 
indeed, that information be available, if possible, for an entire cir- 
cumpolar hemisphere. Weather maps of the Northern Hemisphere, 
for example, show the general conditions and the essential features 
of the circulation of the whole circumpolar atmosphere. Such 
charts seemingly constitute not only a soimd logical and scientific 
basis for definite, specific, and exact weather forecasts, but, perhaps, 
the only scientific basis. 

By the continuous use and study of daily sjrnoptic weather maps 
meteorologists generally recognize in the expressions that follow the 
two fundamentals of modem weather forecasting. These are (1) 
weather travels; (2) the character of the weather is in general largely 
determined by the atmospheric pressure distribution. The aim of 
the forecaster is, therefore, first of all, to determine the type of pres- 
sure distribution at hand and to form a mental picture of the future 
movement and the modifications it is likely to undergo in advancing 
into regions differing in some respects from its original environment. 

It is necessary to fix with considerable accuracy the position of the 
dominating pressure control 24 or 36 hours hence, since a difference 
of a few degrees of azimuth may mean snow rather than rain and 
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"backing" instead of "veering" winds. Once the location of the 
pressure controls is fixed, it is a comparatively easy matter to fill 
in the weather appropriate to the several districts in the line of 
advance of the storm. 

Geographic origin of cyclones. — ^It is the experience of Weather 
Bureau forecasters that relatively few cyclones originate in the 
United States proper, or, more specifically, within the field of obser- 
vation. The latter includes Alaska and the southern part of the 
British possessions in North America, the United States proper, and 
at certain seasons the Greater and Lesser Antilles of the Tropics. 
The majority of cyclones of seeming local origin appear, nevertheless, 
either to have e2dsted in the regions far beyond the field of observa- 
tions or to have originated possibly over the Pacific Ocean itself. 

Prof. C. Abbe in the Monthly Weather Review, 23, page 129, dis- 
cussing the international weather maps of the Northern Hemisphere, 
states that these maps clearly demonstrate that — 

in general areas of high pressure and areas of low pressure that first appear in 
the northwestern corner of the daily weather map do not, properly speaking, 
originate either in Alberta or British Columbia but are portions of highs and 
LOWS that circulate between latitudes 40* and 70". These highs and lows are 
80 connected together that sometimes they may be treated as interacting 
cyclones and anticyclones, while at other times they are interacting troughs 
and crests of waves, and again they may be considered as a minor episode, like 
the whirlpool in a rapid stream of water. The international maps show, more- 
over, that when an area of low pressure or a cyclonic system of winds ap- 
proaches the coast of British Columbia and Alaska it is generally moving from 
southwest toward northeast, and that soon afterwards an area of low pressure 
has developed south and east of the original center, viz, in Alberta and Sas- 
katchewan on the east slope of the Rocky Mountains. Several days are required 
for this process by which a storm dies away on the western slope and a new one 
develops on the eastern slope. 

Forecasting from synoptic charts. — ^The forecaster has before him 
on the synoptic weather map certain observational facts which, 
although mostly expressed numerically, are rather easily translated 
into a mental picture of the e2dsting weather in different parts of the 
country; he has, moreover, auxiliary charts which give expression 
not only to the actual temperatures and pressures at the moment of 
observation, but also to the changes that have taken place in those 
elements during the preceding 12 and 24 hours. The state of the sky, 
whether there is much or little cloudiness and the kind of cloud 
present, is also available, on a separate auxiliary chart. 

The general effect of the whole creates in the mind of the experi- 
enced forecaster much the same sort of impression as that produced 
on the solitary observer who has only the aspect of the visible horizon 
and a few local signs to enable him to sense the coming weather a 
few hours in advance. 
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The cycUme, or low,^ — The word cyclone was coined by Piddington 
in 1848 to represent a portion of the atmosphere characterized by 
low pressure at its center, in consequence of which the winds in the 
Northern Hemisphere tend to blow toward the center and follow 
incurving spirals in a direction contrary to the movement of the 
hands of a watch when laid on a table face upward; and in the 
reverse direction in the southern hemisphere. The whole system of 
incurving winds about a center of low pressure has a motion of 
translation from place to place, in the United States from west to 
east, or from southwest to northeast. 

The term cyclone in the United States is unfortunately confused 
with that of the tornado, although the terms represent entirely 
separate and distinct phenomena. . 

The term anticyclone, as might be inferred, represents a portion 
of the atmosphere having characteristics the opposite of the cyclone. 
Pressure in the center is high and it diminishes in all directions. In 
the Northern Hemisphere the winds flow spirally outward from the 
center in a clockwise direction; in the Southern Hemisphere these 
movements are reversed. Further remarks on cyclones and anti- 
cyclones will be found in Chapters I and II. 

Cyclones and anticyclones are referred to on the daily weather 
map as " lows " and " highs," * respectively, and these terms will be 
used in this paper as synonyms for those first named. 

Figure 16 illustrates a typical low, one that is more highly 
developed than the average, and in figure 17 is given the position 
of the same low 24 hours later. A comparison of these two charts 
will reveal at once the fundamental fact on which modem weather 
forecasting is based, viz, that weather travels. The center of the 
LOW on March 2, 1904, was in Nebraska ; 24 hours later it was over 
the Lower Lake region, having traveled about 1,300 miles in 24 hours. 
The area affected by the low on the morning of the 2d was in an 
east- west direction, about 1,750 miles; in a north-south direction 
about 1,250 miles. We may conceive of the low as an immense 
saucer-shaped atmospheric disturbance, extending upward not to 
exceed 6 or 7 miles, but having a vastly greater horizontal extent, the 
whole system moving eastward at the rate of about 80 to 40 miles 
an hour. The rate of movement of this low was considerably above 
the average. 

The direction of the wind at selected stations and the state of the 
sky, whether clear or cloudy, are shown by appropriate symbols on 
the chart. The changes in. the weather incident to the approach and 
passage of a low are fully set forth in any standard treatise on 
meteorology; hence we may pass directly to other considerations; 

^ See Introdnctory note. Chapter I. 

a Tenns slgnlf ylng areas of low pressure and areas of high pressure, respectiyely. 
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viz, the temperature and pressure changes that attend the movements 
of HIGHS and lows across the country. 

Pressure and temper^ature change chartB. — ^Pressure and tempera- 
ture change charts are merely convenient devices for graphically 
showing the changes which have occurred in those elements within 
the 12 or 24 hours immediately preceding the current map. Both 
sets of changes are made direct from the figures appearing on the 
"A" or weather chart. The 24-hour pressure changes are the simple 
differences between the current values and those for 24 hours 
previous. In the case of the 12-hour pressure changes a small cor- 
rection is applied to eliminate diurnal variation. 

The 12'hour pressure changes^ hy reason of the fact that they al- 
most invariahly precede the center of the low or the high in both time 
and space^ ha^e a certain predictive vdJAie^ as we shall set forth at 
some length in a subsequent part of this work. 

For the purpose of graphic presentation we have superposed on 
the 12-hour pressure changes of March 2, 1904, figure 18, the 24- 
hour temperature changes of the same date. It will be seen that, 
generally speaking, areas of diminished pressure correspond with 
areas of increased temperature and vice versa. This correspondence 
is strikingly exhibited in figure 19, Pressure and Temperature 
Changes for March 3, 1904. 

The first impression upon viewing the two charts will doubtless 
be that of disappointment, but a little study will enable one to read 
the maps quite easily. The black lines indicate 12-hour pressure 
changes and the red lines 24-hour temperature changes. The regions 
of falling pressure kre separated from those of rising pressure by 
a heavy black line known as the zero line or line of no change, and, 
similarly, heavy red lines separate regions of falling from those of 
rising temperature. There is, during the winter season at least, no 
part of the country in which changes in either pressure or tempera- 
ture are absent; both elements being in a continual see-saw. The 
amount of pressure change in himdredths of an inch and the amount 
of temperature change in degrees is shown by the figures placed near 
the respective lines. Areas of pressure change are technically known 
as allobars. The prefix " an " — ^up — ogives anallobar, for an area of 
rising pressure, and, similarly, the prefix " kat " — down — ogives katal- 
lobar, for an area of falling pressure (see also p. 79). 

In constructing the charts we have omitted, in order to simplify 
the drawing, lines showing pressure changes of 0,10 inch or less 
and the lines showing changes of 0.30, 0.50, 0.70, and 0.90 inch, as 
well as all lines showing temperature changes of less than 10*^. 

Generally speaking, both temperature and pressure changes ad- 
vance from west to east, but the temperature changes are much more 
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irregular, both as to extent of territory involved and direction of 
movement, than the pressure changes. 

Falling pressure and rising temperature are closely associated 
with the movement of i/)W8, and, conversely, rising pressure and 
falling temperature stand in a very close relation to the movement of 

HIGHS. 

Referring, now, to the weather chart for March 2, figure 16, and 
the pressure and temperature change chart for the same date, figure 
18, it is seen that a strong fall in pressure (katallobar) has moved 
into the lower Missouri Valley and the Plains States, in advance, 
and to the southeast, of the center of the low, and that the tempera- 
ture has risen over a much greater area, which latter extends roughly 
from the St. Lawrence Valley to the Middle Rocky Mountain region. 
It is to be noted also that an independent fall in pressure, amounting 
to 0.20 inch, overlies the mouth of the St. Lawrence, and that asso- 
ciated therewith is a rise of 10® in temperature. Similarly, a marked 
rise in temperature has occurred to the southwest of the western 
katallobar. 

Compare, now, figure 18 with figure 19 and note the great change 
in position that has taken place in the allobars that we have been 
considering. The anallobar of figure 18 occupying the extreme 
Northwest has advanced in the ensuing 24 hours to the Plains 
States and the middle Mississippi Valley ; the amplitude of the rise, 
which on the 2d was 0.40 inch, has increased to double that amount 
and the area covered is also twice as great as on the day previous. 
Almost coextensive with this rise in pressure is found a sharp fall in 
temperature amoimting, in the central part of the region involved, 
to 40® in 24 hours. In Atlantic coast districts rising temperature 
and falling pressure are found, and on the Pacific coast we iiote the 
approach of a fresh katallobar attended by a rise in temperature 
to the southeast 

In regard to the occurrence of precipitation, it is here merely 
pointed out that lows are generally attended by cloudiness and pre- 
cipitation and that, on the other hand, highs are associated with 
clear, dry weather. This subject will be further discussed later in 
this work. 

The shaded areas on figures 16 and 17 — the weather charts for 
March 2 and 3, 1904, respectively — show the regions where precipi- 
tation occurred in the 24 hours that ended at 8 a. m. of the respective 
dates. Comparing these two figures, it is readily seen that areas of 
precipitation move across the country with the speed of the low 
itself. 

Figure 17 serves the purpose of showing not only the 24-hour 
movement of the low, but also the characteristics of a well-defined 
HIGH. The HIGH and the low, or the cyclone and the anticyclone, 
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may be considered as a sort of meteorological couple, each member 
of which, while it has its own special characteristics, is yet more or 
less dependent upon the action of the other member. Compare, for 
example, the position and magnitude of the north Pacific coast high 
on figure 16 with its position and magnitude — ^and by magnitude is 
meant its geographic extent — on figure 17. It is seen at once that 
its magnitude has been vastly increased and that its central pres- 
sure has increased from 30.3 to 30.7 inches. At the same time there 
has been a marked lowering of the temperature along its southeast- 
em front approaching what is technically known as a cold wave — 
see figure 19. 

This brief survey illustrates in a very general way one line o£ 
map study which, to become effective, must be extended to hundreds 
of maps belonging to each type of meteorological disturbance. 

It is proposed, in what follows, to develop the subject from a 
general rather than a local standpoint; that is to say, an effort 
will be made to point out the weather relations that are associated 
with the several isobaric formations, their geographic position with 
respect to each other, their characteristics, and, finally, the special 
phenomena of cold waves, frosts, storm winds, fog, snow, sleet and 
ice storms, thunderstorms, etc., will be discussed. 

TERMINOLOGY. 

It is of much importance that writers on meteorological subjects 
adhere to a standard terminology, especially in deliberate composi- 
tion. In the haste that attends the preparation of the daily sjrnopses 
for the weather maps there is some excuse for defects of terminology, 
although clearness and exactness, avoiding profuseness and unneces- 
sary attention to minor details, should be the aim of all. Especially 
should the forecaster be consistent. Thus it is hardly advisable 
to say " LOW " to-day, " area of low pressure " to-morrow, and " de- 
pression " the next day, and " disturbance " the next ; all terms re- 
ferring to one and the same phenomenon. The word "cyclone," as 
defined in a preceding chapter, has the sanction of good usage and 
is in all respects a proper term. Unfortimately, its use on the daily 
weather maps is inadvisable, owing to the fact that in some parts 
of the country the term is confused in the popular mind with that 
of tornado, an entirely different phenomenon. The terms baro- 
metric maximum, barometric minimum, low-pressure system, hi^- 
pressure system, are not objectionable and might well be used as 
synonyms for the more formal terms, cyclones and anticyclones. 

The standard classification of the form of the isobars by Aber- 
cromby will be repeated, since this classification has not hitherto 
been published for the information of Weather Bureau employee& 
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Accepting as standard the fundamental shapes as outlined by Aber- 
cromby and repeated by others, there is still, it seems, a need of 
further qualifying terms to describe more accurately the character- 
istics of individual highs and lows. Short and appropriate terms 
are needed to indicate differences in the temperature conditions which 
exist in a high, for example ; also the differences between a high that 
is just formed and one that has existed for several days and is con- 
sequently at a later stage in its development The matter was con- 
sidered as of sufficient importance to warrant the publication of a 
glossary of words and phrases having a more or less technical mean- 
ing that have been used throughout the work. (See the end of the 
volume.) The board urges upon employees of the bureau who may 
have occasion to write the importance of uniformity and of adhering 
to a standard system of nomenclature. 

The seven fundamental types of isobars. — 1. The cyclone: an area 
of low pressure bounded by circular or oval isobars. 

2. The secondary : a small, circular depression of the barometer, or 
a loop in an isobar, subsidiary to the foregoing. 

8. The V-shaped depression; an area of low pressure, bounded by 
V-shaped isobars; something like a secondary but differing from it in 
many important particulars. 

4. The anticyclone : an area of high pressure, bounded by circular 
or oval isobars. 

5. Wedge-shaped isobars: an area of high pressure, bounded by 
isobars convergent to a point, like a wedge. 

6. Straight isobars: a barometric slope, down which the isobars 
lie in nearly parallel lines. 

7. The Cop or neck of low pressure, lyiug between two adjacent 
anticyclones. 

Tlie saddle. — Since uniformity of usage with respect to the term 
" saddle " is sometimes lacking, we reproduce in figure 20 a typical 
example of the pressure distribution so named. Following is a recent 
definition of the term, which, it may be noted, agrees with the origi- 
nal definition of Abercromby for the " Col " : 

In the saddle-shaped depression of the pressure between two neighboring 
rej^ions of high pressure the pressure is generaUy pretty equally distributed, the 
gradients are trifling, the winds weak, the weather calm and more or less 
dull or cloudy. In summer the pressure saddle is more frequently the seat of 
local thunderstorms, which are repeated as long as this distribution of pressure 
lasts. It is the best breeding place for summer-afternoon thunderstorms.' 

*Thl« term has been replaced In German by Battel. Blgelow uBea the English equiva- 
lent *' Saddle,*' bat In general that term has not come into use in English. 
* J. Hann, Lehrb. der Met., Ist ed. p. 693. 
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In the succeeding chapter the predictive value of 12-hour pressure 
changes (allobars) is rather {ully discussed. Since the most probable 




FiQ. 20. — Pressure distribution June 14, 1900, illustrating the " saddle " formation. 

course of the highs and lows is roughly indicated by the allobars, 
a study of them is of the first importance. 
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CHAPTEE IV. 
AUXILIARY PRESSURE-CHANGE CHARTS. 

By Alfbed J. Henrt, Professor of Meteorology. 
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AUXILIARY PRESSURE-CHANGE CHART. 

In the beginning of the forecast work in the United States 45 
years ago, auxiliary charts of pressure change, temperature change, 
clouds, and humidity were prepared thrice daily. Since that time 
the temperature and pressure-change charts alone have continued in 
constant use in their original form. The cloud chart, after being 
discontinued for a time, has again been revived ; the humidity chart 
was long ago discontinued. 

Not all forecasters set the same value upon the temperature- 
change chart, but it can be truly said that uniformly they appraise 
the pressure-change chart at a high value. 

While this last-named chart has been prepared constantly for 
forty-odd years, comparatively little has been written concerning 
the significance of pressure changes in the art of weather fore- 
casting.* 

Diurnal or periodic pressure -fluctuations. — The diurnal-pressure 
fluctuations play only an unimportant role in forecasting. Because 
of their small magnitude in the temperate zones and the fact that 
in the cold season they are frequently obscured by the much greater 
nonperiodic fluctuations, the influence of the diurnal fluctuations is 
rarely apparent on the pressure-change chart. 

^ Beginning with August, 1915, the isobars hare been entered upon the pressnre-change 
charts^ thns adding greatly to their yalue and making it much easier to correlate pressure 
changes with the centers of high and low pressure, respectively, than was possible prior 
to that date.— Editot. 
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Practically the only application of the diurnal fluctuations to 
weather forecasting is in the Subtropics and the Tropics where a 
suppression or an interruption of the diurnal period is significant 
of the development of a disturbance. In Chapter V, lows and 
HIGHS, another application of its use will be pointed out. In summer 
the presence of well-marked diurnal fluctuations in temperate lati- 
tudes may be tentatively accepted as an indication of continued 
rainless weather. 

The nonperiodic or irregular fluctuatioTis of pressure. — ^The non- 
periodic pressure fluctuations are so intimately connected with the 
changes in the weather that a thorough knowledge of them must be 
considered as one of the essentials of forecasting from synoptic 
charts. Foul — ^in the sense of rainy — ^weather is generally associ- 
ated with falling pressure and fair weather with rising pressure. 
It is convenient to think of nonperiodic fluctuations as beginning 
with a fall of the barometer to a low point which may be termed the 
"trough" of the fluctuation and its inmiediate rise to a relatively 
high level which may be termed the " crest " of the fluctuation. The 
sequence is therefore trough — crest, trough — crest, etc., repeated in- 
definitely throughout the year. 

Some years since the writer made a compilation of the niunber of 
nonperiodic pressure fiuctuations occurring in a 10-year period for 
selected stations on the Pacific coast, the Mississippi Valley, and the 
Atlantic coast. 

It was found that the number of fluctuations was quite uniform 
for all parts of the country, as is shown by the table below : 

Nonperiodic pressure fluctuations in the 10 years 1S95-1904. 



station. 




Average 
interval 
between 
fluctuations, 
in days. 



Pacific Coast: 

Portland, Ore?... 

San Diego, Cal.., 
Atlantic Coast: 

Eastport. Me 

Key West, Fla.. 
Mississipn Valley: 

St, Paul, Minn.. 

St. Louis, Mo... 

New Orleans, La 



3.9 
4.3 

S.8 
4.9 

3.S 
4.1 
4.3 



The small differences between the number of irregular fluctuations 
in the north and in the south, respectively, are perhaps suggestive 
of the idea that such fluctuations are of much wider extent geo- 
graphically than the highs and the lows with which they are asso- 
ciated. 
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A pressure-change chart is simply a convenient device for showing 
the amount and the geographic distribution of the irregular pressure 
fluctuations considered in the preceding paragraph, and it supplies 
also two important desiderata to the forecaster, viz : (1) The amount 
of the change to lower or to higher pressure, as the case may be, 
and (2) the geographic position of the areas of greatest change with 
reference to the path of the low or the high. For illustrations of 
pressure change charts, see figures 85, 86, and 87 of Chapter V. 

Nomenclat'wre. — Is it obvious that in order to facilitate discussion 
of the appearance and movement of areas of falling and areas of 
rising pressure a single word be provided to identify them. 

This need has been anticipated by Dr. N. Ekholm, of the Swedish 
meteorological office, in a paper entitled, " Das Wetter wahrend der 
ersten Halfte, Juni, 1911." ^ 

Ekholm proposes and uses in the sense given the following terms: 

"Allobar": An area of pressure change. 

" Anallobar " : An area over which pressure has risen. 

" Katallobar " : An area over which pressure has fallen. 

These expressions will be used henceforth in this discussion in the 
sense stated and with the further understanding that the region of 
maximum change will be referred to as the center of the allobar, and 
that it is this region of maximum change that is plotted as the path 
of the allobars in the charts which follow. In passing, it should be 
remembered that pressure change charts do not show whether the 
barometer is stationary, falling, or rising at the time of observation. 

To supply this information, European countries, through the 
International Meteorological Committee, at its tenth meeting, Home, 
1913, adopted the following: 

The harometric tendency, deduced from the barograph records, 
shall be included in the morning international telegrams. The baro- 
metric tendency is explained as the change of the barometer in the 
three hours preceding the hour of observation. The barometric 
tendency for telegraph purposes may be characterized in nine dif- 
ferent ways: (0) Steady; (1) unsteady; (2) rising continuously; 
(3) falling continuously ; (4) falling at first, now rising: (5) steady 
at first, now rising; (6) steady at first, now falling; (7) tall checked, 
now nearly steady or rising; (8) rise checked, now steady or falling; 
(9) crochet d'orage, gewitter nase, line squall. 

While the barometric tendency is not included in weather tele- 
grams sent to the United States Weather Bureau, the value of the 
so-called two-hour changes is recognized, and they are telegraphed 
from selected stations. At these stations whenever the barometer 
rises or falls by as much as 0.04 inch (1.02 millimeters) within the 

'Consell permanent international pour rexploration de la mer publication de clrcon- 
stance No. 64, Copenhague, 1913, p. 15. 
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two hours immediately preceding an observation, that fact is in- 
cluded in the weather telegram. On the Pacific coast a change as 
small as 0.02 inch (0.61 millimeter) is reported. 

How allobars are formed is still one of the unsolved problems of 
atmospheric circulaKon. In a general way, high surface tempera- 
tures and low barometric pressures and low surface temperatures and 
high barometric pressures are closely associated, but whether they 
stand in the relation of cause and effect or whether both are the result 
of some common cause is still not definitely known. 

Katallobars are clearly not dependent on, or caused by, a rise in 
surface temperature. In general, the surface temperatures in a 
katallobar are relatively higher than in the surrounding adjacent 
regions, but the increase in temperature usually follows rather than 
precedes the f aU in pressure. 

Uncertainty in interpretation. — ^It is very generally recognized 
that the auxiliary chart of pressure changes is the most important 
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Fia. 21. — Idealized barograph corye. 

source of information, aside from the weather chart itself, that is 
available to the forecaster. There is, however, one source of uncer- 
tainty in the application of the data afforded by this chart that it is 
desirable to point out, viz : The ratio of the 12-hour to the 24-hour 
change is not always a dependable datum. Many forecasters com- 
pare the rate of fall of pressure in the second 12 hours of the 24 with 
the rate of fall in the 24-hour period, and if the rate of fall in the 
second 12 hours shows an increase over the 24-hour rate the inference 
is drawn that the intensity of the i/)w is increasing. Such an in- 
ference may be correct, provided pressure has been continuously 
falling during the whole of the 24 hours, but the uncertainty arises 
from the fact that the pressure in the first 12-hour period may have 
been rising instead of falling. A comparison of the 12-hour fall with 
the 24-hour fall will give in the latter case simply the algebraic sum 
of two quantities, one positive and the other negative, and that result 
is meaningless so far as forecasting is concerned. The idealized dia- 
gram below will show the possibility of confusion. Thus, on the 
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p. iXL of the 3d tHe 12-hour pressure change would be plus 20, 
whereas the barcmieier at and for several hours before the hour of 
observation had been falling. On the a. m. chart of the 4th the 
computed change, 0.00, is far different from the actual change. 

Another word of caution is necessary regarding the importance to 
be attached to the irregular pressure oscillations, the amount of 
which varies greatly with latitude, being probably twice as great 
along the northern boundary of the United States as along the 
southern boundary. The result of this is that the beginner is apt to 
assign, unconsciously, too great a value to changes along the northern 
boundary and too small a value to changes in extreme southern lati- 
tudes of the United States; moreover, katallobars that progress 
southeastward across the Plateau and Eocky Mountain regions are 
continually advancing into lower latitudes where normally the am- 
plitude of the nonperiodic changes decreases. Frequently the pres- 
sure fall in a katallobar which moves from, say, Montana to the 
Gulf of Mexico, decreases to one-third of its original value by the 
time it reaches the Gulf coast This fact does not necessarily mean a 
diminution of the energy of the accompanying low. 

Having in mind the need of caution, as above indicated, it still 
appears that the pressure change charts are a valuable asset of the 
forecaster. 

Position of aUohars with respect to centers of highs amd lows. — 
In a general way katallobars in winter appear a little south of east 
and on the right of the path of lows moving over the northern cir- 
cuit Lack of observations north of this path may make this fact 
more apparent than real. On the other hand, the fact that surface 
temperatures on the right of the northern circuit are higher than 
on the left may be a contributing, if not the principal cause of 
katallobars appearing on the right of the path of the low. 

Lows moving northeastward from the Southern States may have 
a katallobar on either side, indiscriminately. 

Anallobars generally appear in the northwest and move to the 
southeast, and this fact would have a tendency to crowd katallobars 
always to the southeast. 

Sresnewsky,* quoted by Dr. Hanzlik in Monthly Weather Review, 
volume 84, page 205, found ^Hhat the center of the cyclone is always 
to the left of the point of most rapid fall in pressure." Ekhohn ' 
says, "the path of the cyclone is usually somewhat to the left of 
the path of the katallobar when the path of the former is from the 
west toward the east and the general gradient slopes toward the 
north.'' 

^ Ueber starke Schwankangen des Laftdnickes im Jahre 1S87. Ball. Soc Imp. Nat« 
Moscoa, 1895» No. 8. 
> Hann Band der Meteorologiachen Zeitschrift, S. 281. 
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Origin of anaUobara. — Strong anallobars, almost without excep- 
tion, first appear in the northwest and move east across the Lake 
Begion or southeast over the Plains States; while a third possible 
course is southwest over southern Idaho, eastern Oregon, Utah, and 
Nevada. And we may add that in winter anallobars from the north- 
west are frequently forenmners of a cold wave. As the writer has 
previously pointed out — ^Monthly Weather Review, 36: 53 — anallo- 
bars that advance from the Pacific are not associated with so great 
a lowering of the temperature as are those from the northwest 

Relation of anallobars to temperatttre forecasts. — ^A strong anal- 
lobai: is not probable, except when a way for it has been prepared by 
the occurrence of a preceding katallobar. The practical application 
of this statement is foimd in making temperature forecasts, espe- 
cially in the cold season. It is generally safe to assume that the fall 
in temperature will be roughly in proporticm to the previous fall 
in pressure over the re^on imder consideration, although there are 
exceptions to the rule. The application of this idea is found mostly 
in the South, and especially in Florida, in the cold season. Thus it 
was long a precept in the forecast division that unless a fall in pres- 
sure passed over Florida in which the pressure sank to at least 30 
inches there would not be a damaging freeze in that State. Further 
investigation, however, shows that that limit for the pressure is too 
low. Frosts and freezing temperatures have been known in which 
the antecedent pressures were not below 80.10 inches, and on Decem- 
ber 21, 1901, the temperature at Tampa sank to 24®, with an ante- 
cedent pressure not below 80.20 inches. The low preceding the 
temperature minimum was not at any time fully developed. It was 
prevented from taking the usual course by a well-defined high that 
moved eastward across the Middle Atlantic States. Pressure over 
Florida at the center of the low did not fall below 30.20 inches at any 
time during its passage. The high succeeding it was fully developed, 
with pressure 30.80 inches in the Dakotas. It moved southeastward 
to ea^m Texas, where, on December 20, 1901, pressure was 30.80 
inches; thence it moved northeastward across Tennessee and West 
Virginia. The trend of the isobars after the high turned toward 
the northeast was nearly north-south; a direction, as elsewhere 
noted,* that is favorable to the transporting of cold air to lower lati- 
tudes. A HIGH, with circular or slightly oval isobars, passing north- 
northeastward over the track as outlined above, will not, as a rule, 
produce much lowering of temperature over Florida, since the winds 
will be northeast and the weather probably cloudy. Another case 
of frost in Florida without low antecedent pressures occurred on 
January 4, 1896. See chapter on cold waves. 

Sometimes it happens that the path of the center of the katallobar 
is eastward along the northern circuit, but with falling pressure 



Digitized by 



Google 



Digitized by VjOOQIC 




WW. 12-18. 1911. 




$m of Katalloter oa I^am^ 



Digitized by 



Google 



. WEATHEB FORECASTING IN THE UNITED STATES. 83 

extending far to the southward, particularly if the depression is of 
the V shape, and the apex of the V extends as far south as the Gulf 
States. In these cases the path of the anallobar may be southward 
over the Plains States and thence to the east and northeast, describ- 
ing a long loop to the south of the center of the V and the katallobar. 

We now present a number of charts illustrative of the movements 
of HIGHS and lows with their attendant allobaric phenomena. 

The first chart of the series, figure 22 — see the folder— illustrates 
the advance across the United States of the front of a katallobar 
between November 12 and 15, 1911. The forward movement is shown 
by heavy full lines, which carry the appropriate dates at both ends. 
In order to show the extent of the katallobar, a heavy broken line 
has been inserted to represent the line of zero change ; thus, the heavy 
full line dated November 14 represents the front of the katallobar 
and the heavy broken line of the same date represents the rear at 
the same instant of time, viz, 8 a. m., seventy-fifth meridian. It is at 
once seen that the front of the katallobar advances at the rate of 800 
to 1,200 miles in 24 hours, and that its greatest east-west dimension 
may be as much as 1,200 miles or more. The large figures on the 
chart represent, respectively, the date and the amoimt of maximum 
pressure fall in hundredths of an inch in 12 hours, and the figures are 
placed as near as possible to the exact position of the center of the 
greatest pressure fall in the katallobar. Figure 23 — see the folder — 
contains the same information for the succeeding three days, the two 
charts representing the movement of two katallobars from the 
Pacific to the Atlantic within the six days, November 12 to 18, 1911. 
The movement was fairly rapid, both crossing the coimtry in the 
same time — three days. Although these cases were selected because 
of the simplicity and relative freedom from interference with other 
allobaric phenomena and, therefore, present the less complex type, 
there are, nevertheless, evidences of interference on both charts. 
Thus, on figure 22, the pressure began to rise locally over Alberta a 
day before the general rise moved in from the Pacific ; also, in figure 
23, the zero line marking the rear of the katallobar on the 17th is 
farther to the '^est over the northeastern Eocky Moimtain slope than 
it was on the 16th. This merely indicates that the temporary rise of 
the 16th was immediately followed by a fresh fall. 

If we consider as one complete cycle the time that elapses between 
the successive beginnings of falling pressure, then we should say that 
xthe cycle in the British Northwest Provinces is frequently a very 
short one. There is, unfortimately, no means of determining just 
what phase of the cycle is presented by the twice-daily observations 
from that region. Some forecasters work on the theory that the 
phase will be opposite in character within the next 24 hours. Prob- 
ably in the majority of cases it is, but there are many exceptions. 
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In figure 24 (see the folder) we have plotted centers of the two 
katallobars shown on figures 22 and 23, in connection with the lows 
that followed them ; the centers of the lows are given in full circles 
and the centers of the katallobars in broken circles. The dates 
within the circles will enable one to identify the center of the low 
with its appropriate katallobar. There has been added, as an aid in 
the identification, a wavy line connecting the two centers. To fur- 
ther simplify the chart the position of the afternoon centers has been 
omitted ; those given are for 8 a. m. seventy-fifth meridian time for 
the dates specified. 

Considering, now, low No. 1, figure 24, and its attendant katallo- 
bar, it is observed that whereas the former was not manifest as a 
distinct low until the morning of the 13th, over northeastern Wyo- 
ming, the associated katallobar was plainly marked 24 hours earlier, 
off the coast of Washington. Its advance inland and southeastward 
was exceedingly rapid, passing over 20® of longitude (in latitude 
about 45°) in 24 hours. 

That the center of the 12-hour pressure fall (katallobar) immedi- 
ately preceding the observation is almost invariably ahead — that is, 
farther to the eastward than the center of the low — ^is so well estab- 
lished as to require no further argument ; and that it is a little south 
of east with referience to the center of the low is the conclusion 
reached by this brief study. 

One of the earliest investigators of the subject, Sresnewsky, quoted 
by Dr. Hanzlik in Monthly Weather Review, volume 84, page 205, 
concludes that the center of the low is always to the left of the point 
of most rapid fall of pressure. • 

The conclusion mentioned above agrees with what we have found 
for the United States wheit the direction of movement is from the 
west to east along the northern circuit ; but lows that pass from the 
southern to the northern circuit may have the greatest fall in pressure 
directly in the line of or slightly to one or the other side of the path 
of the LOW. 

Betuming now to figure No. 24, and examining the track of low 
No. 2, we note that it appeared on the North Pacific coast on Novem- 
ber 13, 1911. At that time pressure had fallen over somewhat more 
than the western third of the United States. (See the front of the 
minimum pressure fall, fig. 22.) Note also that there were three 
independent centers of maximiun pressure fall within one vast area, 
viz, in N. lat. 40°, W. long. 100^; N. lat. 40°, W. long. 115°; and 
finally, on the Pacific coast in the neighborhood of San Francisco. 
The minimum in W. long. 100° moved eastward to the Atlantic, but 
the remaining two apparently dissipated over the plateau. 

Nevertheless, low No. 2 advanced to northeastern Colorado before 
it became associated with a katallobar. The latter crossed to the left 



Digitized by 



Google 



Digitized by 



Google 




»y 0. 1908. 




Digitized by 



Google 



WEATHEB FOEECASTINQ IN THE UNITED STATES. 85 

side of the path of the low on the 16th and back to the right side 
on the 17th. 

In figure 25 are presented the paths of three ijOws and their at- 
tendant katallobars. In this and the subsequent charts, figures 28-31, 
both the morning and the evening positions of centers of lows and 
katallobars are shown. Low No. 1 of figure 25 is the path of an 
Alberta low, January 5, 1903, that dips only slightly to the south- 
ward in passing across the United States. Katallobar No. 1, which 
accompanies it, follows a slightly diflPerent path until the evening 
of the 6th, when both low and katallobar are close together in south- 
em Minnesota; after that date the latter is a little in advance and 
to the southeast of the low. 

Low No. 2 of figure 25 is an Arizona low that moved first to the 
southeast and then to the northeast, reaching the Gulf of St. Law- 
rence on January 12, 1903. Two katallobars attend this low in the 
beginning; they imite in Ohio on the a.m. map of January 11. 

Low No. 8 of figure 25 is also of the Alberta group. It crosses 
the path of its katallobar twice, but in the latter part of its course 
remains on the right-hand side. 

Figure 26 contains the paths of three lows and their attendant 
katallobars. Low No. 1, January 6, 1898, belongs to the Alberta 
group. Its katallobar pursues a southeasterly course to the neigh- 
borhood of Omaha, Nebr., at a very considerable distance from the 
low; thence it turns northeast and evidently joins the low over 
upper Michigan, continuing thence in company with it to the Ca- 
nadian Maritime Provinces. This figure also illustrates the tendency 
to subdivision of katallobars. 

Low No. 2, figure 26, is an Arizona or South Pacific low that 
moved southeastward to the Texas coast near the mouth of the Eio 
Grande; thence northeastward to the Gulf of St. Lawrence. The 
katallobar in connection with this low was not well defined, as is 
usually the case with lows in the semiarid regions of the United 
States. On the morning of the 17th the katallobar was in the 
vicinity of Great Salt Lake. On the evening map, 12 hours later, 
three weak katallobars appear — one in southern California, the 
second in southern New Mexico, and the third at the mouth of the 
Eio Grande. So far as forecasting is concerned, all of these may 
be disregarded, except the last. The movement of that katallobar 
across the semiarid region of the Southwest can not be traced. We 
have therefore plotted a fresh katallobar as originating over the 
West Gulf and appearing on the p.m. map of January 17, 1898. 

It may be noticed that the path of this katallobar and the low, 
after leaving the Texas coast, coincide quite closely imtil Lake 
Michigan is reached, on the 20th. There is then an apparent wide 
divergence, since the center of the katallobar on the afternoon of the 
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20th is off the New England coast, while the center of the low 
at the correspcmding hour was over Greorgian Bay. This is ex- 
plained by reference to the original pressure chart, which shows 
that while the pressure fall was greatest, ^0.60 inch, off the J^ew 
England coast, the fall extended oval-shaped northwestward to 
Georgian Bay, where it was about —0.40 inch. 

Low No. 3, figure 26, is an April storm that apparently originated 
over southwestern Nevada cm April 10, 1906, moved eastward to 
Colorado, and thence northeastward to Minnesota, where it again 
altered its course, crossing the Great Lakes and passing down the 
St. Lawrence Valley. Here again the katallobar pursued a tortuous 
course, appearing on the morning of the 10th at San Francisco, 12 
hours later in southeastern Idaho, and 24 hours later in western 
Nebraska, where a division seems to have occurred. The second 
center, which has been plotted as No. 8, appears in the Texas Pan- 
handle. 

These two sections pursued a separate course until the p. m. of 
the 12th, when they united in Iowa and moved thence as a single 
unit to extreme eastern Lake Superior, where it seemed to halt for 
12 hours, being ahead and to the northeast of the low. The latter 
also halted for a corresponding period and then, on the 14th, moved 
eastward with great speecl, as did also the katallobar. This corre- 
spondence in movement of the phenomena, while showing that un- 
doubtedly an intimate relation exists, is not of any predictive value, 
since the movements are practically synchronous. 

HIGHS AND ANALL0BAR8. 

Figure 27 contains the track of a single high, that of January 22, 
1905, the two anallobars that attended it, and the track of the low 
of January 23, 1905, that developed over Manitoba immediately to 
the eastward of the high above mentioned, together with the katallo- 
bar that was associated with the ix>w. 

In order to aid in distinguishing the several phenomena here por- 
trayed the tracks of the high and its associated anallobars are given 
in red. The track of the low is given in black. As before, full 
circles represent centers of either high or low, and broken circles the 
center of either allobaric phenomena. 

The HIGH that is portrayed was first observed in Alberta, with 
tniLTiinnin pressure of 80.38 inches on the afternoon of the 22d. In 86 
hours pressure had risen to 81.10 inches; it c<mtinued above 31 inches 
for 86 hours, and then slowly dissipated over the Southern States. 
In tiie beginning this high was associated with an anallobar. No. 1, 
which soon disappeared. On the day of its disappearance a second 
anallobar appeared over Saskatchewan, No. la of the chart. This 
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second anallobar attended the high daring its southward movement 
and disappeared on the 25th, but during its southeastward movement 
a third anallobar was developed — ^No. 2 of the chart This latter evi- 
d^itly came into existence by reason of the prior development of a 
katallobar 24 hours earlier (see katallobar No. 1, January 23, 1905), 
thus illustrating the idea that as a rule each katallobar has its corre< 
sponding anallobar and that the latter may be reduced in magnitude 
by yielding a part of itself, so to speak, to the formation of an inde- 
pendent anallobar. 

The division of allobaric phenomena, as illustrated on this chart, 
is a rather common occurrence. It may also be observed that when 
the anallobar of the 22d disappeared a second one formed a little to 
the eastward. Whether this would happen elsewhere, as a general 
rule, we are unable to say. The tendency to subdivision, however, is 
of wide application. Again, when a low seems to stagnate over the 
Pacific Ocean or west of the Rocky Mountains the probabilities ar^ 
that a second low will develop farther to the eastward. 

On "figure 28 of the series we show the path of a single high — that 
of January 10, 1903, and also of the low that preceded it on January 
9, 1903, tiius giving another opportunity to note the relationship 
between an anallobar and the preceding katallobar. 

It may be observed that the movement was inaugurated by the 
development of a katallobar over southeastern Montana, on January 
9 ; that in tl^s case the centers of the low and the katallobar, respec- 
tively, practically coincided and held together for 12 hours. On the 
morning of the 10th they began to diverge, and by 8 p. m. one was 
central over southern Minnesota and the other in eastern Missouri. 
It is also interesting to note that the center of the low accomplished 
practically the same southerly direction as did the katallobar, except 
that the movement was not inaugurated until 12 hours later. After 
the 11th the movements do not differ greatly. 

The LOW under discussion was followed in 24 hours by a moderate 
HIGH, which took a course to the southeast, reaching Oklahoma by 
the morning of the 12th ; having been preceded 24 hours earlier by 
anallobar No. 1. The latter turned to the northeast at Amarillo, Tex., 
because, it would appear, the katallobar and the low preceding it 
had already made the same turn, though in somewhat higher lati- 
tudes. It is observed that the center of the anallobar on the afternoon 
of the 11th is very close to the center of the kataUobar 24 hours pre- 
vious, thus illustrating the rule that a katallobar is generally followed 
within 12 to 24 hours by an anallobar. 

Figure 29 is reproduced to show the pressure conditions which 
exist simultaneously with the apparent stagnation of a high over 
Manitoba, or in the Great Basin — see the discussion in Chapter V, 
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under "Great Basin Highs" and "Eeenforced Hi^is," pages 131 
and 132. 

Some of the conclusions reached as a result of this examination 
follow : 

CONCLUSIONS. 

(1) In the cold season katallobars, as a rule, diminish in magni- 
tude and in the amoimt of the pressure fall within them, as they gain 
distance to the east or south ; it is the exception that they increase in 
those particulars, but when they do it is an indication of an increase 
in the intensity of the accompanjring low and such increase should 
not be overlooked under any circimistances. Under conditions when 
a change to colder weather seems to be impending a weak katallobar 
may be completely obliterated by an anallobar. The question some- 
times arises in the case of a weak katallobar in the southwest as to 
whether or not it will persist, and whether it should be given any 
weight in connection with a low in the same locality. The answer is 
that if an anallobar is close by to the northward the latter, will 
prevail. 

(2) Movement of aUohars. — ^Allobars generally move from west 
to east, although in common with lows at certabi seasons of the year 
they have a southward component which carries them to the Gulf of 
Mexico. There is a well-marked hiatus in this movement, especially 
in the case of lows and katallobars, when they reach the vicinity of 
eastern New Mexico and Western Texas. In this locality they fre- 
quently appear to have wholly dissipated. It is not safe, however, to 
relinquish watch on that immediate locality for indications of a fresh 
development. We have sometimes thought that the original impulse 
was not sufficient in many cases to carry the phenomena of lows and 
their attendant katallobars across the arid regions of the southwest, 
and that only those most fully developed in the beginning survive 
until they reach the Gulf Coast, where there is an ample store of 
warmth and moisture. It should be remarked, however, that some 
of the most enduring lows with which the forecaster has to do pass 
from Arizona to Texas and thence northeastward to New England, 
without any apparent reinforcement. 

(3) Forecasting precepts from kaiaUobars. — Katallobars are vari- 
ously interpreted in forecast work, but we believe that'there is com- 
mon agreement upon the following applications, always having in 
mind the limitationf already mentioned and those which may follow : 

(1) Ch/mges in form} — A change in the form of a katallobar to 
that of a circle or an ellipse is a positive indication of an increase in 

1 The form of expression here used should not be Interpreted to mean that any inherent 
power to chan^ Its form or alter its moremont mldes within a Icatallobar, bat rather that 
the latter is to be considered as merely a graphic form of representing the chaoire in pres- 
sure that has taken place In the interval of time between the precedinir and the current 
obeenration. 
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energy on the part of the low that attends it, if the latter has not 
alreadygreatly increased. 

(2) TrA^Ti t?ie greatest pressure faU in the 12 howrs immediately 
preceding the observation coincides with the center of the low at 
that moment^ that is, when it does not run ahead of the low, the 
latter has already become, or immediately becomes, a severe storm. 

(3) Whenever a fall in pressure that has hitherto extended over a 
considerable superficial area in blanket form quickly concentrates 
over a much smaller area, generally in the form of a tnmcated cone, 
and the fall over this smaller area increases, then the forecaster has 
to do with a severe storm. 

The predictive value of changes in the form of the katallobar de- 
scribed in the preceding paragraph is not always great, since in a 




Fio. 30. — Average number of hours Anallobars precede highs. 

number of cases the surface isobars become elliptical or circular in 
form almost coincidently with changes in the form of the katallobar. 
The apparent change in the latter, however, serves the useful purpose 
of advising the forecaster that henceforth the attendant low will be a 
severe storm. We lay down the foregoing with considerable confi- 
dence. 

The 12-hour pressure changes are an important source of informa- 
tion respecting the future course of the high and the low, although 
their indications are by no means absolutely certain and in the warm 
season they have ordinarily little predictive value. In our opinion 
anallobars point out roughly the course of the high for the next 24 
hours. We present in this connection figure 30, prepared by Mr. W. C. 
Devereaux, in charge of the Cincinnati office. This chart shows, as 
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its title indicates, the number of hours by which anallobars precede 
the center of highs. It was compiled from October data and may 
be taken as a good approximation to what happ^is during otiier 
months of the year, except in the warm season. 

It is the experience of the writer that when the movement of highs 
and LOWS is rapid the position of the anallobar in the north approxi- 
mates the position of the high in the next 12 hours; when, on the 
other hand, the movement is slow, the interval is most likely to be 
near 24 hours for the northern half and longer for the southern half 
•of the country. The chart shows that the apparent origin or the first 
appearance of the majority of anallobars is in the British northwest, 
provinces, and that the movement is southeastward and southward 
therefrom, or toward the equator. 

Katallobars, on the other hand, are less important and less trust- 
worthy in determining the probable course of the lows. We con- 
sider the HIGH and the low as twin members of a system of whirling 
winds, one member being, in a sense, the complement of the other 
and inferior to it in independence of movement. We believe the 
LOW is generally the inferior member; its movement is, therefore, 
less regular and uniform, and it is subject, moreover, in a greater 
degree than is the high, to the influence of surface temperature 
distribution and the occurrence of heavy precipitation in determining 
its course. These, and probably other influences, about which little 
is known, often tend to make the course of the low erratic as 
compared with that of the high. As will be mentioned elsewhere, 
lows are occasionally blocked and otherwise retarded by highs and 
rising pressure. While there are a number of circumstances which 
seem to indicate a close relation between highs and lows and their 
attendant allobaric phenomena, yet other circumstances arise which 
suggests that the relation is a loose one. For example, not every 
anallobar is associated with a high, neither is every katallobar 
associated with a low* Several katallobars may advance into a 
region occupied by a high of great magnitude without any other 
visible result than that the high is gradually dissipated. Occa- 
sionally the trend of the isobars on the weather map is such that 
a katallobar may pass across the coimtry without influence upon 
the shape of the isobaric formations. This is especially true when 
the Isobars have an east-west direction and the katallobar moves 
in the same direction. Occasionally, too, the fall in pressure, al- 
though not suflBcient to form a low with its cyclonic circulation, is 
nevertheless sufficient to produce unstable conditions and precipi- 
tation, although the form of the isobars may not have been mate- 
rially altered. 
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In this chapter we have discussed the auxiliary-pressure chart 
made at the central office at Washington and at the district fore- 
cast centers. While these charts are not made in detail at stations 
not forecast centers, the majority of the local forecasters enter 
pressure and temperature changes either on the ^^A" chart or sepa- 
rate charts. To the student of forecasting who is not located at 
a forecast center it is recommended that he make at least the 12-hour 
pressure changes and study them. In the experience of the writer 
the 24-hour changes are of minor importance.^ 

* since tills was written the 24-hoar pressure changes hare been omitted from the cen- 
tral oOlee ptosiure change charts. — Editor. 
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CHAPTEK V. 

LOWS AND HIGHS— GENERAL CONSn)ERATIONS. 

By Alfbed J. Kknbt, Professor of Meteorology. 
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LOWS AND HIGHS. 

HiOHS and lows vary in size, shape, intensity^ rate of movement, 
and other particulars. While it is not possible to enter into minute 
detail with respect to these particulars, it is thought that some gen- 
eralizations with regard to the characteristics that seem to be asso- 
ciated with the form of the isobars may be helpful. 

Lows^ form of isobars in. — ^Lows that occur most frequently on the 
U. S. Weather Bureau maps are of the form known as V-depressions, 
or some modification thereof. Next in order of frequency is the cir- 
cular or oval form. These two forms represent nearly 70 per cent of 
the total. 

There are two other forms, however, which at once suggest cer- 
tain attributes that it is well for the beginner to have in mind. For 
convenience in discussion these two forms will be referred to as 
" Deep LOWS " and " Crescent-shaped lows," respectively. 
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The deep lOw is often of considerable magnitude, having circular 
isobars equally spaced about a center of moderate diameter, say 100 
to 200 miles. The pressure throughout the system is unusually low, 
and in consequence of the circular isobars equally spaced from the 
center, the pressure gradient is approximately the same on all sides 
of the system. The deep ix)w, therefore, tends to move rather slowly 
and to diminish in intensity. By reason of the circularity qt the 
isobars, deep lows are not attended by highs except at a great dis- 
tance, and the fall in temperature is not so pronounced as in the 
case of ordinary ix)ws. The important thought in connection with 
deep LOWS is that of pressure gradient, and the case is cited because 
it illustrates the importance of noting the barometric gradient in 
both LOWS and highs. Important deep ix)ws are illustrated by the 
weather maps of February 27-28, 1902, and January 7, 1903. On 
the first-named date pressure at the center of the ix)w was 28.66 
inches in Oklahoma. The student is cautioned not to confuse deep 
lows, as above described, with low-pressure systems of small diame- 
ter, steep gradients, and low barometer level. 

The second group, the crescent-shaped lows, appear with some ■ 
frequency in the Rocky Mountain region and over the Plains States. 
They may be described as a crescent-shaped, low-pressure system 
with circular isobars and a cyclonic circulation in both horns of the 
crescent. The distinguishing feature in addition to the formation 
described is the presence of a well-defined high on its north or north- 
west side, which seemingly presses through the middle of the cres- 
cent, extinguishing one of the centers of low pressure, and thus 
crowds the remaining center far to the southeast or east. The im- 
portant fact in connection with crescent-shaped lows is that a severe 
cold wave occurs in the region occupied by the center of the low 
that has been extinguished. This seems to occur almost auto- 
matically. See also the discussion on cold waves. Chapter VI, and 
weather maps of February 2, 1911-p; April 29, 1907 (p) ; May 3, 
1907a; March 19, 1913; and February 24, 1891. 

Movement of lows. — ^A study of the weather maps of the last 40 
years shows that the course of extratropical lows in the United 
States is, roughly speaking, from west to east, with a few modifica- 
tions that will be briefly mentioned. In winter and spring there is 
a movement i^utheastward from the Canadian Northwest and the 
Pacific Coast States toward the west Gulf States. Many of the 
LOWS thus moving recurve to the northeast either in Oklahoma, 
Arkansas, or Texas, while a much smaller number move farther to the 
eastward before recurving. The general movement east of the Mis- 
sissippi is to the northeast, passing to sea over New England or the 
St. Lawrence Valley. The southeastward movement is a seasonal 
one, being confined to the cold season. In summer the movement of 
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Pia. 31. — Average path of lows, January. 




Fig. 82. — ^Average patb of lows, July. 
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LOWS is mostly eastward, via the northern circuit^ Tropical cy- 
clones during this season occasionally enter the Gulf States or 
Florida and move in a northeasterly direction toward New England. 
(See figs. 31 and 32, average tracks of lows, January and July, 
respectively.) 

Thus, the movement of lows seems to coincide with the seasonal 
direction of the general planetary winds of which they are doubts- 
less a part. Minor local influences may modify the motions, but 
the dominating characteristics seem to be those of the general cir- 
culation. 

Certain cloud observations furnish evidence, fragmentary to be 
sure, that points to a partial control at least of the course of lows 
by the upper winds. In the Monthly Weather Review for June, 
1904, Prof. Bigelow discusses under the title, " The Average Monthly 
Vectors of the Greneral Circulation of the United States," the nepho- 
scope observations made at a few selected stations in the United 
States during the cloud year 1896-97. He has computed the vectors 
in velocity and azimuth of the surface winds, as well as of the 
winds in the lower, middle, and upper cloud levels. The vectors 
for the upper clouds show, in general, a strong eastward drift, but 
there is a component directed toward the north at the stations at 
Kansas City and St. Paul, and in a lesser degree at Abilene. The 
azimuth of direction of the upper clouds at St. Paul for January, 
counting from the north as zero, around through the west, is N. 95^ 
W.; February, N. 117^ W.; March, N. 158^ W.; April, N. 150° W.; 
May, N. 128° W.; June, N. 113° W. Kansas City, January, N, 
95° W. ; February, N. 94° W. ; March, N. 94° W. ; April, N. 104° W. ; 
May, N. 117° W.; June, N. 133° W. 

Ilie work of Messrs. Bowie and Weightman publidied under the 
title, "Types of Storms in the United States and their Average 
Movements,'' gives the average direction of movement of all lows, 
grouped according to place of origin, occurring in any 5-degree 
square. 

We have plotted the direction of lows that appeared in the 5- 
degree square bounded by N. lat. 45-50°, W. long. 95-100° for all 
months of the year. These plots show unmistakably that for the 
square in question, which is made up of eastern Nebraska and east- 
em South Dakota, there is a considerable northward component in 
the spring months in the motion of lows that temporarily occupied 
that square. The fact that this motion is the same as that of the 
cirrus clouds in the same region is doubtless more than merely a 

»** Northern circuit" Is the name applied to the storm path which courses easterly 
from the North Pacific Coast States along the northern boundary, crosses the Great 
Lakes, and passes down the St. Lawrence Valley. Conversely, " southern circuit " refers 
to the path of storms which more eastward In lower latitudes to the vicinity of the Gulf 
of MezlcOf thence northeasterly to the Canadian Maritime Provinces. 



Digitized by 



Google 



96 WEATHEB FOBECASTINO IN THE UNITED STATES. 

coincidence. The curious part of the phenomencm is the fact that 
the northerly component is much greater in liows that originate over 
. the central Kocky Mountain region than in those which have their 
apparent origin in Alberta. 

Further examination of the Bowie- Weightman charts shows that 
the north component in the square mentioned is also noticeable in 
the north and south Pacific groups of lows, but only after they 
have crossed the Eocky Mountains. In northern districts the motion 
of LOWS in May is a little south of east, as during the cold season, 
and it continues in that direction until midsummer, when it becomes 
more nearly true east. It seems that after crossing the Rocky Moun- 
tains in spring lows come under the influence of the summer circu- 
lation, viz, from the oceans to the land, and a change in their direc- 
tion of motion results. It also seems that the mountains form a 
barrier across which winds from the Gulf of Mexico and the south 
Atlantic do not pass. All of the southern groups of lows have a onn- 
ponent directed to the north in all months of the year. The western 
and northern geographic limits in which this component is effective 
are naturally reduced somewhat in the cold season, but they expand 
to the northwest and west in the warm season, as shown by tiie charts 
in question. 

(Generally speaking, there are three principal conditicms that indi- 
cate the future direction and speed of movement of lows, so far as 
these conditions are indicated by surface observaticms: (1) The pres- 
sure fall in the last 12 hours, (2) the surrounding or local pressure 
distribution, and (3) the surface temperatures. Of these the last- 
named is the least important. 

The location and the amount of the 12-hour pressure fall generally, 
but not always, indicate the direction in which the low will move ; 
the amount of the fall, however, should be not less than 15 to 30 
hundredths of an inch, and the fall should be concentrated in one 
definite locality. A general fall over a somewhat extended area, 
amounting to about 0.10 inch, is usually of little avail in indicating 
the future position of the low. High pressure directly in the path 
of the LOW sometimes seems to be an obstacle to its free movement 
We must, however, distinguish between two kinds of highs, which 
for the want of a better name may be designated as " well-defined " 
HIGHS and ^^ill-defined'' highs. A well-defined high may be de- 
scribed as one that has existed but a short time and in which the 
characteristic anticyclonic flow is in active progress. Such highs 
show more or less definite movement and, to a certain extent, control 
the wind circulation over the districts temporarily occupied. An 
ill-defined high may be described as one with little or no movement. 
The outflow of air is weak or has ceased, and the pressure may be 
falling. Such a high exercises little, if any, control over the air 
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circulation of the district in which it may be located. It behooves 
the student of forecasting to become familiar with this distinction 
between the influence of a freshly formed moving high and the same 
HIGH at a later period in its history. 

The writer has found it to be a good precept to consider that 
rising pressure and fdUJmg tern/perdture cmywhere along the northern 
circuity either present or prospective^ wUl tem/porarUy har the north- 
eastward progress of a uow on the same meridiaai that may he ad- 
vancing in thaJt direction from the southern to the northern circuit. 
This precept is more applicable in the spring months than in autumn, 
since it seems that in the spring months highs from the interior of 
the continent with their attendant low temperatures are more effec- 
tive in withstanding the approach of warm weather and low pressure 
than at other seasons of the year. Examples of this blocking effect 
may be seen in the weather maps of February 23, 1914, November 28, 
1914, October 14, 1914, and December 4, 1914. See also the discus- 
sion on " Erratics" and " Slow Moving Lows," pages 101-105. 

No one supposes that any single element of surface conditions 
available to the forecaster is paramount in determining the direction 
of movement of uowb. He must seek the dominating influence from 
among those which tend to produce motion and those which oppose 
motion. The belief is justified that lows move onward with the 
general circulation of the atmosphere. This motion, however, is 
modified by the local conditions of pressure distributions which may 
exist at the moment But as these latter are continually changing, 
the forecaster, in order to succeed, must foresee the changes in the 
pressure distribution that will occur in time and space, and herein 
lies the difficulty of making a specific forecast. 

Speaking of the movements of ii)W8 in the British Isles, Shaw and 
Lempf ert say : * 

We are as yet unable to identify in the snrface observations the conditions 
which determine the direction or speed of the motion of a barometric minimum. 

The conditions under which weather forecasts are made in Eng- 
land are, of course, less favorable than in the United States, yet 
there are times when the above statement accurately describes the 
conditions experienced in this country. 

Average speed of lows. — It is well known that some i/>ws move 
with much greater speed than others. As the speed of movement is 
an important factor is forecasting, an endeavor has been made to 
ascertain the conditions under which the speed of lows is accel- 
erated or retarded. Loomis has investigated the subject rather ex- 

1 Life History of Surface Air Carrents, p. 24, London, 1906. 
33e&2''— 16 7 
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haustively and found the average speed of lows for the year to be 
28.4 miles per hour. 

Von Herrraan * has also studied the matter. His results agree in 
the main with the earlier values of Loomis. On the whole, he finds 
that the average velocities during the three winter months are about 
35 miles an hour. Then follows a brief transition period, during 
which the velocities diminish to about 24 miles an hour, which value 
is maintained during the five months May to September, inclusive. 

Hanzlik' has also studied the geographic distribution of fast- 
moving ix)ws. In his summary he says, " But it distinctly appeared 
that the relation of velocity of cyclones to the gradient was such that 
higher velocities occurred with weaker gradients in front of the 
cyclones." 

Rapidly moving lows. — ^There have been selected from the charts 
of tracks of lows in the United States, as published in the Monthly 
Weather Eeview for the nine years 1905-1913, the tracks of those 
whose travel equaled or exceeded 750 miles in 12 hours. In the nine 
years there were more than 80 cases of movement as above; but on 
further investigation a few tracks were rejected as having been 
improperly charted, thus reducing the total number to 77. The table 
below shows the annual distribution by months. The primary maxi- 
mum occurs in January, with the primary minimum in late summer 
and a secondary minimum in February. Hanzlik, using 158 storms, 
reached practically the same conclusion as to a secondary mininfuim 
in February. 

Monthly dMribution of fast-moving lows, 1905-191S. 

January 16 

February 11 

March 16 

AprU 4 

May 3 

June . 1 

July 5 

August 2 

September 

October 4 

November 5 

December 10 

Total 77 

In order to generalize from these cases a skeleton map was made 
in each case. A consideration of these maps leads to the conclusion 
that so far as the surface conditions are concerned the pressure dis- 
tribution at the time is the most important element to be considered. 
Under pressure distribution is included both the trend of the isobars 
and the horizontal pressure gradients. In many cases of rapid move- 

> Monthly Weather Review St. p. 169. 
s Monthly Weather Beview S8, p. 858. 
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ment the isobars were much elongated in the direction in which the 
LOW advanced ; a very small change in pressure was therefore able to 
cany it along at a very high speed. The great majority of cases of 
rapid movement were of this character. It was also found that in 
certain portions of the United States high velocities are of compara- 
tively frequent occurrence, while in other portions high velocities 
rarely occur. 

On theoretical grounds the eastward drift in the lower strata of the 
atmofiphere in the vicinity of X. lat. 35^ should be at a minimum, as 
compared with more northern districts, and this was found to be 
generally true as regards the lows which happened to be temporarily 
in that region* A movement from the southern to the northern circuit 
is frequently made at high speed, but the region of rapid movement 
is preeminently along the northern boundary from the Canadian 
Northwest Provinces to the Lake region, and thence down the St 
Lawrence Valley. There seems to be in some months a quickening 
in the speed of lows when approaching the Lake region and a 
retardation while passing across it, though the evidence is not con- 
clusive on either point. That the eastward motion over the northern 
circuit is more rapid than over the southern, however, there can be 
no doubt, and to this fact may be ascribed some of the perplexities 
in forecasting. For example, a barometric minimum that extends 
north and south over the Plains States generally loses its symmet^ 
when the northern portion reaches the rapid eastward drift of the 
Lake region and thus forges ahead of the more slowly moving south- 
em portion. The southern portion may or may not persist 

No definite rule can be laid down respecting the manner in which a 
LOW of this character progresses. It is not to be considered as a mere 
drifting with the surface winds, but rather, we think, as a wavelike 
progression to the eastward, in the winds two or three kilometers 
above the surface, and a more or less rapid filling up of the rear por- 
tions by rising pressure, under the influence of anticyclonic winds; 
thus displacing the system of cyclonic winds farther and farther to 
the eastward. The eastward movement of the cyclone is doubtless 
compounded with the direction of the general as well as the surface 
winds. 

In our examination of cases of high velocity we were able to classify 
them into groups as follows: 

Babometric Troughs — ^Three Cases Considered. 

(a) Troughs in which there are several barometric minima. A 
very slight change in pressure suffices to displace the center from one 
end of the trough to the other. This may appear to be a very rapid 
movement, but should not be so considered. The southern end may 
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be obliterated by rising pressure, thus permitting the remaining 
center of low pressure to progress as an independent storm. (Apr. 
10, 1905; Apr. 29, 1907; Jan. 8, 1912; Mar. 26, 1913.) 

(b) Secondary lows sometimes develop in the trough of a primary 
LOW when the latter has advanced far to the northeast. This happens 
when the rise in pressure in the rear of the primary is not well marked 
or is delayed. (See Jan. 10, 1901, and Mar. 14, 1907.) 

(c) Immature troughs,* as when the isobars loop far in advance 
of the primary over a relatively narrow strip of country. In this 
narrow space precipitation is generally occurring at the time of ob- 
servation. Such conditions are a positive indication of the rapid 
development of the primary low in the direction of the loop. These 
phenomena occur most frequently in the West and Southwest, and 
the loops extend into the Mississippi Valley. Other places of maxi- 
mum occurrence are the north Pacific coast region and Alberta, where 
the direction of the loops is generally southeast. 

Example drawn from northern lows : February 25, 1907. 

Examples drawn from southern lows : February 11, 1905 ; March 
11, 1906; and May 3, 1907. 

Rapidly moving northern lows. — ^The isobars of these lows may be 
circular or open to the north ; in either case the general trend of the 
surrounding isobars should be east-west, and the highs should be 
situated as follows: One over the Great Basin and a second over the 
Gulf States, or a single, unbroken high in the center of the country 
may stretch from the Carolinas to Washington. Here and there 
slight ridges or shoulders of high pressure (the wedge of Aber- 
cromby) extend northward from the primary high. These do not 
check the rapid progress of the northwest low. Rapidly moving lows 
are most highly developed in the autumn, when the atmosphere is 
dry and generally cloudless. They cause very little rain, even along 
the Great Lakes, but show a rather marked influence on the tempera- 
ture, owing to the fact that they induce southwest or warm winds 
over the Ohio Valley and the Lake region. 

Examples. — ^December 3, 1906 ; January 9, 1907-p * ; December 24, 
1907; November 14, 190&-p; November 17-18, 1908; January 3, 1911; 
November 22, 1912; December 7, 1912; December 23, 1912-p; Jan- 
uary 16, 1913. 

Circular lows advancing from the south. — ^A region from which 
circular lows make rapid progress northeastward is the South Atlan- 
tic States, especially if the low passes from the continent to the ocean 
in the vicinity of Cape Hatteras. It will then reach the New Eng- 

1 The term here used Is new to the llteratare of forecasting ; the phenomenon deecrlhed 
Ifl of rather frequent occurrence, and it la Important to grasp the Import of the looping 
of the isobars as described. 

>The letter p indicates the p. m. chart; absence of subscript letters Indicate that an 
ft. m. chart is meant 
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land coast in from 12 to 20 hours, except in those cases where a New 
England high blocks its path. With a. low central in Georgia in 
the cold season, it will generally reach the New England coast within 
24 hours. 

Circular lows also progress rapidly up the Mississippi Valley and 
thence pass eastward via the Lake region. In deep lows of this sort 
a secondary is apt to develop off the coast of the Middle Atlantic 
States. 

Circular lows between highs. — ^These move rapidly, especially if 
the western high is stronger than the eastern. In general, a low 
following a rapidly moving high keeps pace with the high. 

Lonff oval-shaped lows. — ^As in the case of immature troughs al- 
ready discussed, the development of lows of the above-named shape 
runs rapidly ahead in the direction of the major axis of the low and 
precipitation occurs some distance ahead of the center of the low. 
A rapid movement may be expected whenever the precipitation oc- 
curs far in front of the low, and, in general, we may lay down the 
proposition that the occurrence of precipitation over a region in 
front of a low appears to be among the cause)^ favorable to its rapid 
movement in that direction. 

Slow movinff lows. — ^Perhaps the best evidence of the disintegra- 
tion of a LOW is to be f oimd in the 12-hour pressure fall. If the area 
covered by the latter shrinks in size, and the pressure fall diminishes, 
the LOW is quite apt to lose its distinctive character. 

Lows advancing toward the northeast are sometimes stopped by a 
HIGH over the Great Lakes or New England. Again, the high may 
extend from New England westward over the Lake region, with a 
shoulder to the southwest, forming a sort of crescent 

Lows advancing from the southwest against a high, as described, 
are seemingly prevented from reaching New England in the normal 
course of progression. The lows, after reaching the Middle Atlantic 
States, may remain motionless for a day or so, or they may oscillate 
slowly back and forth in an east-west direction, apparently showing 
an indifferent tendency to move in the normal direction. Under such 
conditions continued cloudy, rainy weather must be forecast until 
the disappearance of the northern high is indicated by the advance 
of a katallobar from the west. (See the weather maps of October 
13-14, 1914.) 

When the drift of the atmosphere is in a normal state, as indicated 
by the movement of the highs and lows, this blocking effect of highs 
is not much in evidence, but there are times when it is useless to 
expect a low to advance into a high directly in its path. 

In the cold season and also in the transiticm months of spring 
and autumn there are occasionally short periods when the west-east 
movement of the atmosphere appears to be temporarily suspended. 
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During such periods the movement of lows is subject to mudi un- 
certainty and there are occasions when it is not possible to foresee 
definitely the resumption of the normal drift, except for a very short 
time in advance. 

In differentiating lows which move rapidly and those which move 
slowly it is not implied that a low is possessed of any attribute that 
determines its speed of movement. It is believed rather that the 
speed, as well as the path, of lows is determined by the general cir- 
culation, subject to modifications due to local pressure distribution. 
The local pressure influences operate uniformly throughout the year; 
the general circulation, on the other hand, has a well known seasonal 
variation, being rapid in winter and slow in summer. 

The occasional slackening of speed of the so-called general drift 
which seems to control the movement of hiohs and lows occurs al- 
most invariably in the transition seasons of spring and autumn, and 
the cause is to be sought in the readjustment of the general winds, 
due to the change from summer to winter conditions, and vice versa. 

The reduced speed in the movement of lows in the warm season is 
clearly apparent from the averages computed by Loomis and others 
in which all lows were grouped together and a mean result com- 
puted. We have sought to determine the visible causes of slow move- 
ment from the forecaster's point of view without being particularly 
concerned in the statistics of actual speed, and have selected from 
the published tracks of lows in the Monthly Weather Beview those 
which had a notably slow movement, roughly 200 miles or less in 12 
hours, for the seven years 1903-1909. The number and monthly dis- 
tribution of slow moving lows are exhibited in the table below. 

Number of sJoto-^noving loica, 190S-1909. 



Year. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept 


Oct. 


Not, 


Dec 


Total. 


1908 








2 
2 
3 


3 
6 
1 

4 
2 
8 
7 


3 

"**3* 
3 
6 
5 
C 






3 
1 
8 
2 
6 
2 
3 


2 




1 

""2 
2 
2 
2 
3 


14 


1904 








3 

4 
2 
2 
6 

7 


G 


17 


1906 


2 

1 


4 


1 


32 


1906 


21 


1907 


1 
6 
1 


8 
2 
2 


8 

4 
2 


36 


1906 




46 


1909 


3 


46 






Total 


6 


U 


8 


16 


31 


26 


23 


22 


20 


20 


16 


12 


211 



Winter... 
Summer. 



GROUPED BY SEASONS. 



291 

n 



Spring 55 

Autumn 56 



From this table it is at once seen that the speed of lows varies 
directly with the strength of the general winds. The strong winds 
of winter coincide with a minimum number of slow-moving lows; 
that in the transition months of April and May the number of lows 
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of the slow-moving type is at a maximum, which continues prac- 
tically until the end of October, when the general winds again become 
vigorous. 

Orographic control of lows in the Vrdted States. — ^The control 
exerted by the Bocky Mountain and Plateau region on the eastward 
movement of lows is evidently great; not only because of the great 
irregularities of the surface, which control in a measure surface tem- 
peratures, but also, and primarily, it is believed, because of the lack 
of moisture in the atmosphere between the Sierras and the eastern 
foothills of the Rocky Mountains. The majority of the slow-moving 
LOWS of winter are confined to the Plateau region, west of the Rocky 
Mountains. It is suggested that the characteristic differences be- 
tween European and American cyclones can be largely traced to 
topographic influences. 

The chief characteristic of lows that occupy the Plateau region 
west of the Rocky Mountains in the cold season is a lack of concen- 
tration, so to speak; that is, they are often of very great geographic 
extent, with one or more separate depressions within a wide spread 
area of low barometer, and the level of the barometer in these 
Plateau lows is often relatively high, 29.90 or even 30 inches in winter. 

These individual centers of depression shift about from one place 
to another without any apparent law; sometimes the center is dis- 
placed to the westward, even to the coast, by an increase of pressure 
over the interior. 

One important exception should be mentioned, viz, there is a group 
of LOWS, members of which first appear along the coast of southern 
California, pass almost directly eastward, crossing the high table- 
lands of New Mexico, and emerge upon the plains of Texas, whence 
they pass rapidly northeastward as rather vigorous storms. This 
group of LOWS has none of the halting movements above described. 
Another group of rapidly moving lows crosses the Rocky Mountains 
north of Montana, where the divide does not attain to great altitudes. 
Prof. Abbe, in discussing plateau lows, Monthly Weather Review, 
April, 1894, page 152, says : 

It can scarcely be thought that this rapid southward movement represents 
either the movement of a whirUng system of winds with low pressure, or the 
movement of the trough of winds with a single wave of low pressure ; it Is more 
reasonable to look upon it as the movement of a locus or node of intersection 
and interference of waves and troughs of pressure that are slowly changing 
their positions in the atmosphere at some distance above the earth's surface. 

The resistances which the atmosphere experiences in its effort to move over 
the earth's surface may be described as follows: (1) By impinging upon the 
Irregularities of the continents and the waves of the ocean a certain amount of 
forward motion is annulled and a portion of the atmosphere receives a vertical 
or even a backward motion, so that the advancing air is mixed with other air 
moving more sluggislily forward or even backward ; as a result the advancing 
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air gives up a portion of its momentum to the slnggiBh air and both combine to 
move with an intermediate velocity. (2) By the heating of the sorface of the 
earth and the ocean the sluggish-moving lower stratum is made to rise, the more 
rapidly moving upper stratum descends to take its place, and the resulting inter- 
mixed atmosphere moves with an intermediate velocity. As a result of these 
influences the movement of the middle portion of the atmosphere experiences a 
retardation that depends upon the amount of vertical convection and that is 
determined by the roughness of the ground and the intensity of insolation ; this 
amount is, of course, greatest over the continents and in sunlight but least over 
the ocean and in darkness. 

As soon as the isobars of one of the ill-defined plateau ix)ws are 
projected across the mountains upon the plains to the eastward the 
formation thus established soon assumes the stereotyped circular or 
oval form, with a system of circulating winds appropriate to a 
cyclone. The greatest difference between plateau lows and those 
which traverse the great interior valleys, however, is in the moisture 
supply from the Gulf of Mexico and the south, which is denied the 
former; owing chiefly to this lack of a supply of warm moist air, 
it is believed, plateau lows exhibit prolcmged periods of inactivity. 
This subject will again be referred to in a discussion of north Pacific 
lows. Suffice it to say that the majority of slow moving lows of the 
winter months are confined to the Plateau region west of the Rocky 
Mountains. 

As the season advances lows cross the mountains in northern New 
Mexico and Colorado. Some of them move northeastward to the 
Lake region and join the northern circuit, while a considerable num- 
ber move almost directly eastward, a small percentage passing off 
the Atlantic coast south of latitude 40**. This group includes the 
most of the slow-moving lows of April and May. 

We have examined in detail all of the slow-moving lows in the 
above table from January to May, inclusive, 73 in alL On account 
of the great labor involved and the short time available, examination 
of the remainder had to be deferred, but the results for April and 
May pointed so uniformly to a conmion cause of the slacking in 
speed east of the Rocky Mountains that we feel reasonably certain 
an examination of the remainder would not materially change the 
conclusion reached, viz, (1) the majority of plateau lows in the 
transition months of April and May pass eastward from the western 
plateau in the trough form, with shallow barometric minima in the 
northern and the southern ends of the trough. (2) The northern 
minimum moves eastward over the northern circuit more rapidly 
than the southern. (8) It (the northern minimum) is usually closely 
followed by rising pressure and a high. (4) The arrival of the high 
in west longitude 95° to 100*=* is generally so timed as to prevent the 
southern minimum, which has by this time emerged on the plains, 
from moving northeastward to the northern circuit; it therefore 
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forms a separate disturbance whose normal mov^nent toward the 
Lake region is seemingly prevented by the high, which has moved 
in close to the rear of the northern minimum above described. The 
southern, but now separate, disturbance, must move eastward, south of 
the normal track and at a speed which is regulated by the movement 
of the northeastern high, and the latter does not as a rule move 
rapidly in the spring months. Examples: April 11-15, 1903; May 
5-8, 1903 ; and April 24-27, 1904. 

A second cause of the retardation of lows in the spring months is 
an increase in pressure in the rear of lows that are moving from 
Xew England off to sea. It is a common practice among forecasters 
to ascribe the slacking of speed in a liow to the presence of a high 
in its path. To this the writer would add the comment that rising 




Fio. 33. — Path of slow-moving low of AprU 4, 1896. 

pressure in the immediate front of a low seems to be more influential 
in retarding it than a high wherein pressure is falling. Pressure 
over New England may be as low as 29.50 inches, but if it Lieglns to 
rise and continues rising, even though the final pressure does not 
exceed 30 inches, the effect is as great as if the original pressures 
were considerably above 80 inches. Examples: April 7-9, 1904; 
April 23-28, 1905 ; October 15-18, 1911 ; and others. 

Erratics. — ^Under this term we discuss briefly those cases where t!ie 
liOw follows an abnormal movement for a short time and then re- 
sumes its normal eastward or northeastward drift. The subject is 
closely allied with that of slow-moving lows, to the discussion of 
which the reader is referred. 
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But two cases are considered : First, a ix)w that pursued a course to 
the northwest, viz, from Cairo, 111., to Keokuk, Iowa, on the night of 
February 8, 1894; and, second, an April low that consumed six days 
in passing from South Dakota to Maine. The paths of the April 
LOW and of a high that was the cause of its retardation are shown 
in figure 33. 

The path of the February low is shown in figure 84. We also 
reproduce, as of importance in connection with the February low, 
the auxiliary pressure-change charts of 8 a. m. and 8 p. m., Fd)ruary 
8, and 8 a. m., February 9, 1,914— figures 85, 86, and 87. 

The LOW in question developed over Texas <m the afternoon of 
February 7, 1894. At that time an Alberta low occupied the regicm 
north of Montana, and pressure was relatively low over the Plains 
States, between the Texas and the Alberta lows. The former moved 
northeastward to Memphis in 24 hours, central pressure diminishing 
from 29.64 to 29.28 inches. The isobars are shown in red lines in 
figures 85, 86, and 87. In the meantime the northern low had moved 
eastward and partly merged with the southern low. 

The 8 a. m. 12-hour pressure-change chart, figure 85, shows a 
region of falling pressure extending approximately from the Gulf 
of Mexico to Manitoba, with the greatest fall over Arkansas. The 
concentration of the fall in that region marks the southern low as 
the dominating one. 

The succeeding weather map (see the isobars on fig. 86) shows 
the center of lowest pressure at Memphis, Tenn. The normal course 
from that position is northeastward through the Ohio Valley to 
New England. Figure 87 shows, however, that the low advanced 
north-northwest, lowest pressure being at Keokuk, Iowa. Its move- 
ment thereafter was in accordance with the normal expectancy. 

In looking for the cause of the abnormal jog during the night of 
the 8th-9th, we note that on the p. m. map of the 8th the barometric 
gradient, as roughly determined by the closeness of the isobars, is 
least toward the northwest and greatest toward the northeast. An 
anallobar prominently shown on figure 86 is passing to the eastward 
north of Lake Superior and the line of zero change in pressure (fig. 
87) has given way only slightly to the northeast, thus indicating 
the temporary domination of rising pressure. These two facts, 
rising pressure in the normal course of the low and a weak baro- 
metric gradient in the rear and to the northwest, seem to indicate 
that during the period from the afternoon of the 8th imtil the morn- 
ing of the 9th the low was in a semi-stagnant condition, while slowly 
readjusting itself to the pressure conditions developed during the 
preceding 24 hours. 
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The second case considered is that of an April low, April 4-10, 
1895, which was doubtless retarded by a high that passed north- 
eastward from Alabama to New England, central pressure increasing 
from 80.20 to 80.40 inches, as shown on figure 83. The stagnation 
of this HIGH over New England, with its increase in pressure, was 
accompanied by the stagnation of the liOW over eastern E^ansas for 
86 hours. During the last 12 hours of the 86-hour period pressure 
at the center of the liow began to rise, which fact indicated a loss 
of intensity by the latter. From the 6th to the 8th the movement of 
the liOW .was erratic, and at one time — the night of the 6th — the 
attendant katallobar almost disappeared. The jog in the path of 
the LOW on the night of the 7th, when the center was displaced to the 
northwest, was due to a slight readjustment of the interior pressure, 
which sometimes takes place within liows of great superficial ex- 
tent, whose free movement is temporarily hindered. 

In this case pressure rose slightly in the southern part of the 
center of the low and fell in the northern part, thus displacing the 
center of low pressure to the northwest, while the general configura- 
tion of the LOW as a whole remained practically unchanged. * 

Mr. Edward H. Bowie has brought to our attention several excel- 
lent examples of the blocking effect of highs that build over the 
Canadian Maritime Provinces. We reproduce, as figure 88, page 
121, the weather map of April 18, 1910, illustrating the pressure dis- 
tribution characteristic of this phenomenon; also Mr. Bowie's notes, 
made at that time. 

The maps, AprU 18 to 27, 1910, Ulustrate the blocking of storms by high 
pressure over the Maritime Provinces. The building of this high seemingly 
takes place over this region or It may be a southward movement from Labrador. 
At this season the region under discussion Is covered with Ice and snow, while 
the continent to the west Is warm, so that the natural conditions are favorable 
to the continued slow Increase of pressure and at the same time the area of 
rising pressure spreads westward and southward over New England. The 
condition results In a stagnation of atmospheric conditions generally east of the 
Rocky Mountains, and any lows coming from the west and encountering It 
are retarded and In marked Instances may remain stationary for several days. 

It Is not safe to assume that a storm subject to retardation from this source 
win pass off the coast and the weather clear untU the pressure falls decidedly 
In the northeast comer of the map. 

Attention is invited to the weak barometric gradients about the 
center of the liOw of the above-named date, except in an east-west 
direction. This is a characteristic of " blocked " lows. By the morn- 
ing of the 22d the liOW in question was central off the New England 
coast and a second liOW overlaid the middle Mississippi Valley. This 
second low, like the first one, was retarded in its eastward progress 
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by high pressure over the north Atlantic and the Canadian Maritime 
Provinces, and it was not until the 28th that it finally passed off to sea. 

The kite flights at Mount Weather during the prevalence of the 
LOWS above mentioned showed that while the low is yet far to the 
westward of that station, a southerly wind sets in, which at the 
beginning and at the greatest altitudes attained — slightly over 4,000 
meters — ^may be west-southwest This wind becomes more southerly 
as the low center approaches the station and eventually shifts to the 
northwest. There were southwest winds continuously at Mount 
Weather from April 15 to 21 and again from April 23 to 27, thus 
indicating a constant supply of southerly winds aloft during the life 
of the LOW. 

During the time above mentioned the pressure over the CaniEtdian 
Maritime Provinces alternately rose and fell, apparently without 
reference to the direction of the upper winds at Mount Weather. 

This discussion merely emphasizes the control that is exercised on 
the movement of lows by rising pressure, however that is produced. 
Elsewhere we have touched upon the subject of a rise in the central 
portion of a high (p. 130). We confess that our grasp of the signifi- 
cance of the phenomena is not so complete as we would like. In 
the case of the high whose track is shown in Fig. 33, it is to be 
remarked that the increase in the central pressure from 80.18 on the 
afternoon of the 4th to 80.42 on the afternoon of the 6th, especially 
in a HIGH advancing from the souths is an exceptional occurrence. 

The pressure at the surface must be regarded as the weight of the 
superincumbent air, and this weight will depend upon the density 
of the air as well as upon the height of the air column ; changes in 
density can, of course, be brought about by an increase in the height 
of the air column, as by the inflow of air over the upper portion of 
the HIGH, or by changes in the air temperature, or humidity, or both. 

We have observed a number of cases wherein an increase in pres- 
sure in the central region of a high occurred contemporaneously 
with the diminution in speed of a western low, but it is not certain 
that the phenomena stand in the relation of cause and effect The 
impression remains that the underlying causes are both seasonal 
and geographic, because (1) the phenomenon of increasing pressure 
in the center of a high is mostly observed late in spring, and (2) it 
is rarely observed except over New England, the Canadian Maritime 
Provinces, and a narrow strip westward therefrom to Manitoba. 
Cases may occur, however, in any month from April to October, 
but they are rather infrequent outside of the locations mentioned. 
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Intensity of Iowa as affected hy direriion of movement. — In this 
discussion, an increase in the central pressure of a low has been con- 
sidered as equivalent to a diminution in its intensity, and, conversely, 
a decrease in the central pressure has been considered as equivalent 
to an increase in intensity. As a matter of fact these criteria are 
not complete, but they point in the right direction and therefore 
can be used without serious error. 

Since mean pressure in the Northern Hemisphere diminishes from 
about N. latitude 30® toward the pole, it may be assumed that central 
pressure in a ix)w advancing northeastward toward the northern 
circuit must diminish ; and, conversely, that central pressure in a low 
whose eastward movement is diverted toward the southeast must 
increase. The single exception to the last-named case is noted when 
a second low is moving northeastward toWard the northern circuit. 
In this case a western low approaching the meridian upon which 
the southern low is located tends to dip southeastward and merge 
with the southern low, with or without an increase in central pressure 
of the northern low. 

There has been an understanding among forecasters that lows 
which move to the left of their normal path increase in intensity. In 
order to put the matter to a short statistical test the two tables below 
have been constructed. In forming the tables the paths of all lows 
in February for the five years 1910-1914, inclusive, have been con- 
sidered. Column 1 of each table contains the names of the special 
groups of LOWS that occurred during February, classed according to 
origin, as is customary. The first table includes all lows whose 
plotted 24-hour movements departed 5 or more degrees to the right 
(south) of their normal paths, the 24-hour movements plotted in 
Monthly Weather Review Supplement No. 1 being considered as the 
normals. The second column contains the number of 24-hour move- 
ments of those LOWS in each group which were attended by a fall in 
pressure, and the third column contains the mean pressure fall for 
the whole number of cases. The fourth column contains the number 
of 24-hour movements of lows which were associated with a rise in 
pressure, and the fifth column contains the mean rise in pressure in 
hundredths of an inch. The sixth column contains the number of 
cases of no change, and, finally, the seventh and eighth columns in- 
clude, respectively, the total number of cases and the total pressure 
change as deduced from the algebraic sum of the positive and nega- 
tive changes. 
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Central pressure changes in lows that moved 5 or more degrees to the right 
{south) of the normal path. 



[Compated for 24-hoar moyements. Pressures in hnndred of 

mlnos.) 




All values plus unless written 


Lows. 
(1) 


Number 

of 

cases. 

(») 


Mean 
change 
in pres- 
sure. 

(8) 


Nomber 

of 

cases. 

(4) 


Mean 
change 
in pres- 
sure. 

(«) 


No 
diaofe. 

(6) 


Total 
number 
of cases. 

(7) 


Algebraic 
sum of 
proBSure 
changes. 

(8) 


Alberta 


14 
12 

1 
2 

8 
2 


-24 
-17 
-18 
-10 
-09 
-10 
-15 


12 
17 
8 

18 
6 
1 


17 
22 
16 



1 



1 




26 
30 

2 
25 
14 
3 


—1 33 


North Padlic 


1.75 


Ponth Padflc 


1.14 


Northern Rocky Mountain 

Colorado 


—0.20 


09 
09 
02 


1.12 


Texas 


0.76 


South Atlantic and E«t Oull... 


-0.38 


Total 


45 




62 




2 


100 


2.96 


Mean 






0.27 



















Central pressure changes in lows that moved 5 or more degrees to the left 
(north) of the normal path. 



[Computed for 24^oar movements. All values plus unless written minus.] 




Lofws. 
(1) 


Number 

of 

cases. 


Mean 

change 
in pres- 
sure. 

(3) 


Number 

of 

cases. 

(4) 


Mean 
change 
in pres- 
sure. 

(«) 


No 
change. 

(6) 


Total 
number 
of cases. 

(7) 


Algebraic 
sum of 
pressure 
changes. 

(8) 


Alberta. 


23 
12 

13 
1 

18 
11 
2 


-16 
-11 
-19 
-24 
-25 
-35 
-49 


4 

11 

3 

1 

10 
2 



09 
13 
25 
04 
16 
10 


2 



2 




29 

23 

16 

2 

30 

13 

2 


—3.35 


North Paolflo 


0.12 


South Padflo 


—1.70 


Northern Rocky Mountain 

Cokirado 


-0.20 
—2.90 


Texas 


—3.60 


South Atlantic and East Oulf... 


—0 96 








Total 


80 




31 




4 


115 


—1.261 


Mean 






—0.110 



















Similarly the seccmd table shows the same information for lows 
which departed 6 degrees or more to the left of their normal paths 
derived in precisely the same manner as above described. 

Analyzing the results shown in the two tables we may say that the 
tendency to a fall in central pressure is most pronounced inix)ws which 
depart to the left of their normal path, especially in those which 
move from south to north, but it is to be noted that 27 per cent of 
all cases of movement to the left show an increase of pressure instead 
of a decrease. The results are therefore more or less inconclusive, 
since any precept to be useful should hold in at least 75 per cent of 
the cases. 

The first table shows that 45 24-hour movements to the right 
were attended by a fall in pressure, and that 62 cases moving simi- 
larly were attended by a rise in pressure; whence it appears that 
almost as many lows that move to the HgJU of their normal path 
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are attended by a fdU in pressure as in the case of those which 
move to the left. The tables show also that the algebraic sum of 
the pressure changes which attend Alberta liows in their march 
eastward is negative, while on the other hand that of north Pacific 
ix)ws is positive, regardless of whether the divergence is to the left 
or to the right. Finally, the evidence of the tables is such as to lead 
to the ccmclusion that whether a ix>w swerves to the right or to the 
left of its normal path is of limited application as a means of deter- 
mining whether or not it will increase or duninish in intensity. 

PBBCIPITATION IN CONNECTION WITH LOWS. 

Precipitation occurs in connection with the great majority of low- 
pressure systems. The notable exceptions are few and as follows: 

(1) Shallow LOWS, moving along the northern circuit in autumn 
yield little or no precipitation until they reach the Lake region and 
occasionally not then. The absence of precipitation seems to be due 
to {(£) the general condition of the atmosphere at that season of the 
year with respect to moisture, (6) the level of the pressure in the 
depression, and {c) the rapidity of movement of the latter. Both 
rapid movement and relatively high pressure are inimical to precipi- 
tation. 

(2) A small number of lows that move southeastward to the 
vicinity of Oklahoma yield no precipitation and some of them even- 
tually become extinct The pressure distributicm at the time must be 
the criterion as to the future of such lows. 

(8) A small group of lows with very low central pressure occasion- 
ally appear in the spring and early summer months over the northern 
Eocky Mountain region, with a tendency to a northward movement. 
These lows rarely give more than widely scattered light rains. In 
summer they are apt to produce excessively hot weather in the inte- 
rior valleys as they drift eastward. (See weather maps of July 2-11, 
1897.) 

In case two, above described — dry lows in Oklahoma — ^the situa- 
tion is immediately reversed, if a high be placed to the northeast, 
say, over the lower Missouri Valley, for the reason that such a 
configuration will induce relatively cool northeast winds over Okla- 
homa and adjacent regions where previously relatively warm 
southerly winds had prevailed. 

It is reasonable to assume that the warmer southerly winds are 
underrun by the northeasterly winds, and that the forced ascent 
thus caused results in precipitation. The general principle in- 
volved may be expressed as follows: 'When the high is north or north- 
ecuft of ths lowy the tendency to unsettled weather and precipitation 
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in the regions between tfiem is at a maodnvum. There are several 
corollaries to the above that will appear elsewhere in this work. 

Precipitation from the dijferewt forms of isobars.^ — ^Whether one 
form of isobars is more productive of precipitation than another is 
a difficult question to answer. We are inclined to the belief that 
whether or not precipitation will occur depends largely upon the 
source of the air that supplies the low. East to southeast winds are 
preeminently the rain winds of the United States. On the Pacific 
coast the southeast winds are land winds and are probably colder in 
winter than the westerly winds which flow inland from the Pacific. 
Owing to the topographic conditions in the Coast States, the south- 
east winds — ^the most common rain winds — and the west winds are 
both mechanically forced to rise, and the rainfall of that country 
may well be classed as orographic, as has been done by Curtis. In 
the central and southern Kocky Mountain and Plateau regions the 
northeast wind is by long odds the rain wind, while the summer 
rainfall is largely due to local convection. The type of rain map 
for the Rocky Mountain and Plateau region is low pressure over 
the southwest, specifically, anywhere over northern Arizona, Nevada, 
Utah, western Colorado, or northern New Mexico, with a strong 
high to the northeast. The liOW may pass inland from any one of 
the northern groups. 

In the Mississippi Valley and thence eastward precipitation oc- 
curs easily with almost any form of isobar, provided the wind is in 
the southeast to south. A V-shaped low, with the apex of the V 
extending into the lower Mississippi Valley, is a rather common and 
very rainy type. Likewise, a long oval, stretching northeast-south- 
west, or simply a barometric trough extending in the same directicm, 
causes heavy precipitation. Farther north, as in New England, pre- 
cipitation also occurs with a northeast wind on the southern margin 
of an extenave high with relatively low temperatures. 

The reservation should always be made that at times, as in cases 
of prolonged drought, all indications of rain drawn from the synoptic 
charts fail, and in this we recognize the popular saying, doubtless 
coined long before the day of synoptic charts, "All signs fail in 
dry weather." 

Precipitation as conditioned upon the level of the barometer. — 
There is no hard and fast relation between the height of the barometer 
and the occurrence of precipitation. Precipitation in the form of 
sleet or light snow may begin with pressure as high as 30.5 inches. 
The amount, however, is generally small. A considerable quantity 
of rain is not likely to fall with the barometer above 30.2 inches, 
although a widespread precipitation area, mostly in the form of 
s^now, may be caused by a barometric minimum of 30.2 inches. (See 
map of Feb. 10, 1914.) Snow seems to occur with higher pressure 

^ See also Prof. Cox's remarks, pp. 300-^01. 
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than rain, and it often begins with pressure between 30^ and 30.5 
inches. Prof. Cox has fixed a lower limit of the barometer level 
in those disturbances which cause precipitation in the upper Missis- 
sippi Valley (see p. 301). A similar rule can be giveii for V-shaped 
depressions that pass over the region about the District of Columbia, 
viz, that rain is most likely when the barometer sinks below 30 inches. 

CJONVECTTVB RAINS. 

The term " convective '' as applied to rains was used by Curtis 
to designate rains due to a circulation that is primarily vertical. 
The term as here used is applied to rains in Florida, along the Gulf 
coast, and in other regions where the local conditions of temperature, 
wind, and moisture satisfy the requirements of local convective 
action and, further, because the cyclonic origin of the rains in those 
regions is not apparent. The student will save valuable time by con- 
sidering convective rains as being in a different category from cy- 
clonic rains. 

There are two districts in which convective rains occur during the 
warm season. The first of the districts is along the Gulf coast, in- 
cluding the Florida peninsula, and extending back into the interior 
probably not more than 60 miles, the exact border not being as yet 
determined. Its east- west length is approximately TOO miles, or 
from the Atlantic in the neighborhood of Jacksonville, Fla., to about 
Houston, Tex. The pressure conditions associated with these rains 
are about as follows: 

A HIGH, with pressure 30.15 to 30i20 inches, overlies the southern 
portion of the middle Atlantic, with an extension over the Florida 
peninsula, in which pressure is 30.08 to 30.10 inches. Pressure 
diminishes in a westerly direction to a region of indifferent gra- 
dients over southeastern Louisiana. The gradients are for gentle 
southeast winds along the coast and over the narrow frin^ of the 
interior. 

Another and somewhat similar pressure configuration prevails at 
times in the summer, differing from the one just described in that a 
wide and shallow trough of low pressure extends from the Gulf of 
St. Lawrence southwestward via the Ohio Valley to the lower Mis- 
sissippi Valley. This configuration is associated with local thunder- 
showers throughout the trough and in the interior of the east Gulf 
States, whereas the convective rains are confined to a coastal strip 
and Florida. There is little movement in these troughs, conse- 
quently a series of several days of unsettled, showery weather may 
be expected before the weather clears. 

The hourly frequency of convective rains in southeastern Loui- 
siana is well shown by Coberly in " The Hourly Frequency of Pre- 
2*— 16 8 
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dpitation at New Orleans, La./' Monthly Weather Beview, volume 
42, page 537. From Mr. Coberly's table we compute the percentage 
of day rains as compared with night rains at New Orleans, La., as 
follows: 

Day rains: Percent 

June 77 

July 78 

September 69 

Mr. W. P. Stewart, local forecaster at Galveston, Tex., points out 
in the Monthly Weather Eeview, volume 41, page 1225, some peculi- 
arities of midsummer showers at Galveston. He says: 

The conyectional showers which occur with considerable regularity during 
the summer months over the mainland near the east Texas coast fall only 
occasionally on Galveston Island. The reason for fhis is that the southerly 
winds usually preyailing when these showers occur have practically the same 
temperature as the waters of the Gulf of Mexico from which they have just 
come. They are, therefore, comparatively cool, and have little tendency to rise. 
After ihey have passed inland a few mUes, however, they become sufficiently 
warm to Induce the convectlonal ascent that results in local showers. These 
showers occur, therefore, usually a few miles inland and not on the immediate 
coast 

The writer is of the opinion that the pressure distribution in the 
case of the Texas convectional rains is slightly different from that 
which causes rains along the middle Gulf coast and in Florida in 
that the level of the barometer in the high is a little greater, probably 
as much as a tenth of an inch, and the center of the high is more to 
the westward, nearer the Mississippi Valley, than in the case of the 
middle Gulf coast rains. 

Mr. Howard H. Martin, assistant observer, stationed in Texias, has 
pointed out in an unpublished manuscript that a rain forecast for 
northeast Texas can be made when high temperatures in connection 
with a weak barometric depression prevail over that region and there 
is probability of opposing winds due to high pressure to the north- 
ward. 

In the application of this method difficulty is frequently expe- 
rienced in detecting the barometric minimum and determining the 
strength of the northern high. Unless opposing winds result the 
forecast will be a failure. 

The second region of convective rains is in the southwestern moun- 
tain regions, principally^ in New Mexico, southern Colorado, and 
Arizona. The type is well marked in summer but is more highly 
developed in some seasons than in others. 

While we have spoken of these rains as convectional showers, we 
are not unmindful of the fact that convective action seems to be 
facilitated or more pronounced, so to speak, in a region of weak 
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pressure gradients, particularly in the trough between two distant 
highs. Forecasting rains in the mountain and plateau regions in 
sununer is a wholly different problem from that of forecasting cy- 
clonic rains in the Mississippi Valley and thence eastward. The 
relation of pressure distribution to rainfall in the Southwest in sum- 
mer is somewhat obscure; it appears, however, that rainy periods 
lasting two, three, or four days are inaugurated by highs that pass 
from the Pacific eastward across the northern portion of the Great 
Basin to Wyoming^ western South Dakota^ and Nebraska; whence 
one portion may continue eastward, while the western end appar- 
ently stagnates over the Plains States, northeast. of New Mexico 
and Colorado. The weather maps of July 17-19, 1914, are typical 
of rain-producing highs in the middle and southern Rocky Mountain 
region. Pressure is low throughout the summer in southwestern 
Arizona. The movement of a high eastward as above stated places 
this semipermanent Arizona liow and the eastward moving high in 
the proper relative positions, as indicated in our general statement, 
to produce precipitation. 

As happens along the Gulf coast, and as required by the theory 
on which convectional ascent is based, the summer rains of the South- 
west are a phenomenon of the daytime, although there is a consider- 
able number of cases wherein it is safe to assume that the action 
inaugurated by the ascent of warm air in the afternoon has con- 
tinued well into the night. 

A compilation of the times of beginnings and endings of pre- 
cipitation at Santa Fe, N. Mex., altitude 7,018 feet, and at Wagon 
Wheel Gap, Colo., altitude 9,235 feet, during July and August of 
the rainy season of 1914 shows the following: 

Santa Fe, N. Mex., number of rains beginning between- 
Midnight and 7 a. m 9 

8 a. m. and 6 p. m 55 

6 p. m. and midnight 28 

Wagon Wheel Gap., Colo., number of days with rain between — 

Midnight and 7 a. m 11 

7 a. m. and 6 p. m 52 

6 p. m. and midnight 24 

CONSIDERATION OP LOWS BY GROUPS. 

WESTEBN LOWS — NOBTH PACIFIC, SOUTH PACIFIC, ALBEBTA, ROBTHEBN BOCKT 
MOXTKTAIN, AND COLOSAOO OB MmDLB BOCKT MOUNTAIN LOWS. 

In the remainder of this chapter it is proposed to discuss briefly 
the distinguishing characteristics of the various groups of lows 
that appear on the daily weather maps, classed, as has been cus- 
tomary hitherto, according to the place of their apparent origin. 
Accordingly we distinguish first the lows which 'pass over the con- 
tineAt from the Pacific; a further distinction in this group is made 
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between lows which pass inland above latitude 40^ N. and those 
which pass inland south of that parallel. These two groups are 
known as the north Pacific and south Pacific, respeddvelj. Next 
in order is an important group known as Alberta ix>ws, since they 
first appear in the Province of that name; and, finally, the north- 
em Rocky Mountain and Colorado or middle Rocky Mountain group. 
Figures 31 and 32 (ch. V) show the average path of the different 
groups of LOWS for January and July, respectively. Figure 81 is re- 
produced from Supplement No. 1, Monthly Weather Review, 1914, 
and figure 32 was prepared in the forecast division of the central 
office. 
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no. 90.— Barograph tiaoa, Roaebaig, Ong., January 0^-86^ 1914. 

It is probable that a large proportion of the western liows thus 
grouped originate over the Pacific. Since cable communication has 
been established between Alaska and the United States, and daily 
weather reports have been received from that region, it is perceived 
that the semipermanent oceanic low, sometimes referred to as the 
Aleutian low, oscillates back and forth from west of the Aleutian 
Islands to the Oulf of Alaska, sometimes with a southward exten- 
sion that reaches to the mouth of the Columbia River, on the North 
American Continent. We now perceive that the oscillations from 
ocean to land, and vice versa, of lows which approach the Pacific 
coast (see Monthly Weather Review 28, p. 3) are merely surges 
of the North Pacific low as it alternately advances and retreat& 
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The short periods of rising pressure along the Washington and 
Oregon coasts which elsewhere on the continent would be accepted 
as tokens of fair weather must be considered merely as minor in- 
cidents in the life history of the North Pacific liow. The key to 
clearing weather on the Pacific coast, however, is to be found in a 
uniform and considerable rise, in pressure, as much as 0^ inch or 
more in 12 hours along the California coast In order to prevent 
any misunderstanding as to what is meant by ^ short periods of ris- 
ing pressure" we present in the diagram above a copy. of the baro- 
gram made at Roseburg, Oreg., for the period noon, January 23, to 
midni^t, January 25, 1914. This barogram, figure 39, covers the 
period when a liow was approaching the coast. Note, first, a steady 
fall in the pressure from about noon of the 23d to about 7 a. m. of 
the 24th. The amount of the fall was about 0.68 inch. The ha- 
rometer then began to rise cmd rose about OJfl inch by 6 p.m. of the 
nth; it then began to fall and continued falling until some time in 
the evening of the 25th. In other words, the steady fall in the 
barometer with the approach of the low was suspended for a period 
of nearly 12 hours and was then resumed. This reversal, which is 
not uncommon on the Pacific coast, adds greatly to the perplexity 
of the forecaster. 

According to the coiint of Bowie and Weightman (loc cit.), north 
Pacific LOWS form 15 per cent of the grand total of all lows. They 
cross the continent at a rather rapid rate, but a considerable percent- 
age of them becomes extinct before reaching the seventieth meridian 
of west longitude. For the 10 years ending with 1909, less than 60 
per cent of North Pacific storms passed entirely across the continent. 

The seasonal variation in both Pacific groups of lows is well 
marked. The maximum frequency is in the winter, while the number 
of LOWS drops to a very decided minimum in July and August In 
this respect they differ from Alberta lows, the latter group being at 
a m«.yifniim in summer. 

It seems evident that the frequency, especially of north Pacific 
LOWS, is conditioned upon the depth and geographic position of the 
north Pacific oceanic low. If the latter is fully developed, and occu^ 
pies a position over the Gulf of Alaska or along the coast of BritL^ 
Columbia, as in January, 1914, then will north Pacific lows be at a 
maximum. The summer minimum in Pacific lows is explained on 
the ground that at that season the temperature contrast between the 
continent and the ocean is the reverse of that which obtains in winter, 
and the development of lows takes place over the continent rather 
than over the ocean. The large number of Alberta lows in summer 
is probably due to this fact 



Digitized by 



Google 



118 



WEATHER F0EECA8TINO IN THE UNITED 8TATES. 



North Pacific liOws may move almost dae east along the northern 
circuit, or they may move southeasterly as far as Texas and thence 
northeasterly to the northern circuit (See figs. 81 and 82, ch. V.) 

The southeasterly movement is confined to the cold months of the 
year and is probably due to the winter circulation. 

During the transition months of April and May, nortii Pacific 
LOWS, if they survive crossing the Bocky Mountains, come within the 
influence of the summer circulation of the interior and generally 
move toward the Great Lakes. The inability of these lows to cross 
the Mississippi Valley in the month of May is clearly shown in figure 
40, which indicates that but 1 of the 10 nortii Pacific lows that 
appeared in the 5 years ending with 1909 survived and reached the 




Fio. 40.— Pftths of North PacUe low8« Umj, 190&-10e9. 

Atlantic coast, and but 2 got as far east as the Lake region. A much 
greater percentage of south Pacific lows survives in the spring 
months and passes east of the Mississippi than is the case with north 
Pacific LOWS. 

When the north Pacific oceanic low is the predominating control of 
the weather we have probably as near an approach to type control 
for the northern United States as ever happens. However, by reas<Hi 
of the great spreading of north Pacific lows after they enter the 
continent, it would still be difficult to foresee the precise path each 
LOW would take in order to clearly specify the weather that should 
prevail in each district. Figure 41 is presented to show the di- 
versity of movement of north Pacific lows for January for a period 
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of 10 years. The tracks printed in black are for the 6 years, 1900- 
1901; those printed in red are for the succeeding 5 years, 1905-1909. 

South Pacific lows do not scatter so much as North Pacific lows, 
but pursue a more uniform eastward course; a greater percentage 
of them survives until the Atlantic is reached. The months in 
which they seem to possess the greatest endurance are December 
and February. 

Forecc»tmg from north PcEf^-fic coast lows.— A simple and very 
general rule for forecasting the weather in the Pacific Coast States 
is ^ southerly winds bring rain; northerly, fair weather." When the 
oceanic low of the north Pacific projects over the North American 
Continent that fact is generally indicated by continued low pres* 
sure off the mouth of the Straits of Fuca. When such conditions 
prevail the winds will be southerly and the forecast should be for 
rain. The real test of the forecaster's skill for Pacific Coast States 
is shown by his success in forecasts of fair weather. A novice on 
the Pacific coast would doubtless begin to predict fair weather as 
soon as the barometer began to rise. As we have already pointed 
out, a rise in pressure may be merely a brief interruption in the curve 
of falling pressure. Hence, the necessity of a correct interpretaticm 
of the changes in pressure along the coast The first set of changes 
from stationary to falling pressure is apt to be merely preliminary, 
and the forecaster should get special barometric reports, if the case 
is urgent, or wait until the next set of reports is made, when cir* 
cumstances warrant He will then be able to form an idea whether 
the changes are progressing uniformly and in the original directicm. 

To determine when an independent low will become separated 
from the ocean low and pass over the continent requires the exercise 
of the best judgment of the forecaster. Falling pressure within the 
last 12 hours, provided the amount of the fall is at least 0.25 to 0.80 
inch, is considered the best indication of inland movement that is 
available. If the visible low is centered along the coast south of 
the Columbia Biver it is best to allow 24 hours for a probable north- 
ward movement to the Straits of Fuca, entrance to the continent 
generally being made at that point The probable course of a 
north Pacific low across the United States in January is almost due 
eastward along the northern boundary and the Lake region, to the 
St Lawrence Valley. (See fig. 81.) In some cases lows of this 
group will move southeastward across the Bocky Mountains in 
Wyoming and Colorado to the southern Plains States, and thence 
northeastward to New England; such a course is often indicated 
by a looping of the isobars southeastward over the Bocky Moun- 
tains; also in the position of the highs over the Oreat Basin 
or the Canadian-Northwest; remembering that there is a tendency 
for LOWS to follow the periphery of an adjoining high and to pass 
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between highs when the latter are separated by a slight barometric 
trough. 

By reason of topographic conditions, the movement of north 
Pacific u>ws across the Plateau and Bocky Mountain region is often 
masked and difficult to follow ; in some cases it is almost impossible 
to locate the true center of the disturbance on the synoptic charts. 
The precipitation is for the most part confined to the higher alti- 
tudes; in tiie lowlands it is light and infrequent. But there is one 
type of north Pacific low that is clear cut aiid immediately recog- 
nized, viz, that characterized by a strong high central over Montana 
or the region to the northward of that State, around whose periphery 
on the south and west sides is found a series of lows beginning with 
one on the Washington coast and ending with one in southwest 
Colorado, or even on the Plains to the eastward of the mountains. 
A second characteristic of this pressure dirtribution is the persist- 
ence of the trough form of low pressure that stretches from the 
Wadiington coast southeastward to southern Idaho or even farther. 
The northeastern high is always separated from the low pressure 
by very strong temperature and pressure gradients. The latter 
are really due to the fact that a cold wave prevails on the eastern 
slope of the mountains, but does not extend to the summits. West 
of tiie mountains temperatures are relatively high due to an inflow 
of air from the Pacific. The behavior of the northeastern high 
depends largely upon the pressure distribution at the moment; it 
may move eastward along the northern circuit or an offshoot may 
develop, which later passes soutiieastward to the Misidssippi Valley 
and thence northeastward; or the original high may settle south- 
ward over the Great Basin and cause cold waves in Washington and 
Oregon and killing frosts in Califomia. (See maps of Jan. 26-27, 
1902.) 

The detachment of a high toward the east is generally followed 
by a LOW which forms in the trough between the original high and 
the one that separates from it and moves eastward. 

This type is best developed in February, but cases may occur in 
any month from November to March. (See the periods beginning 
Feb. 1, 1899, Jan. 24, 1902, Feb. 6 and 18, 1904, Feb. 1, 1905, Jan. 29, 
1907, Jan. 7, 1909, and others.) 

Alberta Iowa. — ^The Alberta group of lows furnishes slightly more 
than 80 per cent of the total number that appears in the daily 
weather maps. In the cold season, lows that enter the continent 
north of British Columbia doubtless first appear on the daily weather 
maps as of origin in the Province of Alberta. In the warm season it 
is believed that the origin of these lows is over the continent rather 
than the ocean, and that lows may originate anywhere in the interior 
valleys from the Oulf of California northward to the Arctic Circle. 
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no. 88. — Slow-moTlDg low, April 18, 1010. (laotherms and path of M>w In r«d.) 
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Fig. 41.— Paths of North Pacific lows, January, 1900-1909. (1905-1909 in red.) 
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Fio. 42.— Paths of Alberta lows, January 1900-1909. (1905-1900 in red.) 
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Alberta u>ws are more stable than Pacific lows; that is to say, a 
greater percentage of them reaches the Atlantia The following 
comment on north Pacific and Alberta lows with reference to their 
stability is made in Weather Bureau Bulletin A, a Summary of In- 
ternational Observations, Washington, 1898 : 

The storms which appear on the Pacific coast north of Washington possess 
greater vitality tlian any other class of storm passing over the Northern Hemi- 
sphere. Storms of tropical origin are generally short-lived, and those recurving 
eastward generally dissipate after reaching the middle latitudes. 

While a considerable number of them move to the southeastward 
in the cold months as well as along the northern circuit, the south- 
eastward movement is not so pronounced as in the north Pacific 
group. Compare figure 41 with figure 42, which show, respectively, 
the tracks of north Pacific and Alberta lows for January for the 
10-year period 1900-1909. There is no very striking difference be- 
tween the paths of the two groups of lows. 

Farecaatmg rain and temperature changes attending Alberta 
lows. — ^Alberta lows are mostly open to the north and the depression 
of the barometer in many of them is not great. . There is always a 
probability, amounting in the autumn months almost to a certainty, 
that an Alberta low, moving along the northern circuit with lowest 
pressure above 29.90, will not cause any precipitation of consequence. 
There is a rough sort of relation between the level of the barometer 
in the center of the low and the probability of precipitation, the 
probability increasing directly as the level of the barometer sinka 
(See Prof. Cox's rule, p. 801. ) There is, however, as we have said else- 
where, no hard and fast rule by which one can tell whether or not a 
LOW passing eastward along the northern circuit will give precipita- 
tion, nor, if so, how far south of the track of its center precipitation 
will extend. In the spring, as pointed out by Prof. Cox, it is not 
advisable to forecast a rapid movement of Alberta lows across the 
Lake region, when the latter is occupied by a slow-moving high. 

Occasionally Alberta or other lows moving eastward in the north- 
em drcuit, when reaching west longitude about 95^, bend to the 
southeastward and pass off to sea below latitude 40^. This southward 
tendency appears to be controlled by the pressure over the Atlantic 
between Halifax and Bermuda. In any event, if pressure is 29.90 
inches or lower at Bermuda, other things being equal, a northern 
LOW is apt to take a southeastern course from the Lake region toward 
Chesapeake Bay. (See weather maps of Mar. 8, 1905 (a), Feb. 22, 
1908 (a), and Feb. 15, 1914 (a).) 

Northern Rocky Mountain lows. — ^The lows of this group are 
closely related to north Pacific and Alberta lows; the main point of 
difference between them is that they apparently originate farther 
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eastward than do north Pacific liows. The period of minimiiTn fre- 
quency in northern Rocky Mountain uows is in the cold months of 
December, January, February, and March. According to Bowie and 
Weightman, the maximum occurs in August, with a secondary 
maximum in May. 

Colorado or middle Rocky Mountain lows. — ^The maximum number 
of Colorado or middle Rocky Mountain region lows occurs in March 
and April, with a secondary maximum in October and November. 
While many of them doubtless have their origin in troughs of low 
pressure that have advanced from the Pacific, and while they bear 
a rather close relation to Pacific and Alberta lows, still they differ 
in this important particular, viz, that they occur with fairly uniform 
frequency in all months of the year, whereas Pacific lows have a 
decided minimiiin in the summer months. 

Shallow LOWS that rarely attain any importance are occasionally 
first noted over the Plateau and Rocky Mountain region, particularly 
over eastern Colorado. These lows are sometimes referred to as 
^ heat " LOWS in the belief that they owe their origin to a mass of air 
that has become unduly heated from one cause or another. 

The fact that Colorado lows show their maximum at the transi- 
tion periods of the year and also a decided turn to the northeast in 
April and May suggests that their development in the warm season 
is in some way connected with the general circulation of the at- 
mosphere* 

The forecasting of precipitation and temperature changes from 
Colorado lows presents no features differing essentially from those 
of other lows under the same conditions. 

The central group. — ^The central group is composed almost wholly 
of secondary lows that develop in the trough of a primary low 
from the west or northwest, which for one reason or another dis- 
integrates as it approaches the central region of the United States* 

These lows form about 10 per cent of the total number, and the 
time of their greatest frequency is in the late spring and late fall 
months, resembling in this respect Colorado lows. They present no 
e^>ecial characteristic^ which call for comment 

SOTTTHERN LOWS. 
TEXAS, EAST OULT, SOUTH ATLANTIC liOWS. 

In the previous part of this chapter we have considered groups 
of western lows, viz, those which originate in the west and move 
toward the east. In the present group we will consider those lows, 
whatever their place of origin, that move northeastward from Texas 
and the Gulf States or advance northward from the region about 
Florida to the New England coast. As before stated, a certain num- 
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ber of the lows belonging to the Pacific and Bocky Mountain groups 
pass southeastward to Kansas, Oklahoma, and the Texas Panhandle 
country and even Arkansas, before recurving to the northeast. When 
these i/>ws are not attended by a high in their immediate rear, and 
the pressure gradients are generally weak in all directions, they pre* 
sent one of the most difficult types with which the forecaster has to 
dp; difficult in the sense that when a low is about to recurve the in- 
dications as to the direction of its movements are very indefinite, 
and also because of the fact that once the low begins to move on its 
new f>ath the attendant rain area spreads to the northeast with very 
great rapidity. This is also true of practically all lows that origi- 
nate in the Gulf States, provided the pressure distribution over the 
northeastern part of the country is favorable. It becomes necessary, 
thciref ore, if the forecaster aims to have his forecasts reach the pub- 
lic before the raip, to anticipate very closely the action of the south- 
west LOW within the coming 24 hours. Not all lows that reach the 
region in question cause precipitation; hence, the presence of a low 
is not of itself an indication of the beginning of precipitation. If 
precipitation has already begun, and there is a 12-hour pressure 
fall of 0.10 inch or more in the region about the center of the low, 
the forecast is much simplified, but in the absence of these guides 
the forecaster must rely upon his knowledge of the conditions under 
which LOWS develop in the southwest, and such knowledge can be* 
obtained only by close personal study of the weather maps. There 
are a number of combinations of the high and the low involved; we 
can do no more than point out some of the most important and let 
the reader draw his own conclusions. Practically all of the illustra- 
tions used are confined to the month of November, but the principles 
which obtain in that month hold for the remainder of the cold 
months. 

(1) Figure 43, Weather map, November 12, 1909: A single low 
with weak gradients central at El Paso. Two highs; one directly 
north, crest over Montana; the second over the Middle Atlantic 
States; saddle formation between the two highs. This pressure dis- 
tribution gives rain northeastward from west Texas to the upper 
Lakes, particularly on the southeast front of the Montana high.^ 

(2) Figure 44, Weather map, November 15, 1909 : Single low cen- 
tral over northwestern New Mexico and southwestern Colorado. 
Highs, two; one northeast over Dakotas, and the other over the Caro- 
linas and Virginia. Much the same as No. 1. General rains. 

(3) Figure 45, Weather map of November 19, 1907 : One low with 
two centers: (1) Mouth of Rio Orande and (2) northern New Mex- 

^ In the six flgares, Noe. 48-49, the areas of 24 and 86 hour ralnfaU following the 
dates of the maps are shown ; the areas of the 24-hour rainfall being In blue and of the 
86-honr rainfall, corresponding to the second forecast period, in red. 
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ico. A single high over the upper Lake region, moving eastward. 
Apparently that movement operates to open a path for the low to the 
northeast, as shown. Abmidant precipitation follows. 

(4) Figure 46, Weather map of Novem]ber 15, 1910: Two uows, 
one mouth of Bio Grande, the other over southern Utah. A well- 
defined HIGH, axis north-south, Manitoba to northwest Missouri. 
The HIGH moved very slowly, as may be seen from the figure. On 
the 18th a second high moved in from the Canadian Northwest 
(See the path of high No. 2.) The apparent influence of the two 
HIGHS is to retard and prevent from developing both the Bio Grande 
and the Utah liows. Note that the interval between the disappear- 
ance of HIGH No. 1 and the appearance of high No. 2 was one of 
accelerated movement of both lows. 

(5) Figure 47, Weather map, November 7, 1911: Single low, 
mouth of Bio Grande. Single high along eastern slope Nebraska to 
the Texas Panhandle. The high is a well-defined one and is moving 
northeastward; apparently it operates to keep the low well to the 
south and the latter is forced to take the outside course, viz, east- 
northeast to the Carolinas. 

(6) Figure 48, Weather map, November 17, 1907: Low on Texas 
coast Single high to the northeast central over West Virginia, with 
approximately circular isobars. This we consider the ideal combina- 
tion for a rapid advance of the rain area to the northeast Bain first 
period as far as southern Pennsylvania and to New England second 
period.* 

In the above group of combinations we began with lows central 
west of the 105th meridian and the highs to the northeast and east. 
When highs are thus disposed there is certain to be a break in the 
continuity of the pressure distribution between them, and this forma- 
tion seems to favor the easy passage of a low and consequently the 
early development of rain areas. With a single unbroken high to the 
northeast, as in No. 3, and especially when the high is marked to 
continue its eastward movement, the forecast is plain. Combinations 
4 and 5 illustrate the modifying effect of a well-defined high that is 
marked to occupy some portion of the normal path of the low, and 
thus block the latter and shunt it off to the southeast. And finally 
in No. 6 we give the ideal combination for general rains advancing 
rapidly over Tennessee and the Ohio Valley in cold weather. 

Let us next consider the type of southwest low characterized by 
one LOW over the Texas panhandle and a second center of the same 
original low central over Minnesota. The division of the low into 
two centers is the result of the southeastward advance of an anallobar. 
See weather map of November 27, 1907. The high in such cases gen- 
erally covers the Middle and So\ith Atlantic States; its longer axis 
may be north-south or east- west. It has been the experience of the 

1 The terms " first " and *' second " periods are explained on p. 270. 
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writer that with a north-south axis, particularly if t^e latter has not 
passed to the eastward of the Appalachians, the area of precipitation 
advances slower than is the case with the longer axis of the high 
extending in an east-west direction. The wind circulation of the 
latter would seem to be more favorable to precipitation than in the 
case first named. Examples: November 9, 1907 a; November 22, 
1908 a; November 22, 1911 a; and November 6, 1912 a. 

Generally the two liOws pursue independent courses and predpita- 
- tion must be forecast accordingly. Sometimes a ridge of relatively 
high pressure separates them. In this separating ridge no precipita- 
tion occurs, but it is quite impossible to foresee the exact limits of 
the ridge. 

East Oulf lows:— The east Gulf lows form a group that appar- 
ently originates farther to the eastward and in slightly lower lati- 
tudes than the Texas lows, although it seems quite probable that 
they form in connection with troughs of low pressure that move 
from west to east across the country. We have before mentioned the 
fact that occasionally the northern low, in an irregularly shaped 
trough, will die away, and simultaneously. there will be developed a 
very intense low over the Gulf of Mexico or along the Gulf coast. 
These secondary developments are not always apparent on the a. m. 
maps ; hence the necessity of obtaining special reports in the after- 
noon from the South. The best clew to a southern development is the 
decrease in intensity of the northern low, as shown by wind veloci- 
ties, when they become less than are indicated by the barometric gra- 
dients, and a reduction in the speed of the eastward movement. The 
severe Lake storm of November, 1913, was an example of this sort, 
and a somewhat similar storm occurred on February 28, 1914. . In 
connection with the storm of February 28-March 1, 1914, charts 
showing the hourly pressure fall at Weather Bureau stations east of 
the Mississippi were prepared from the barograph records. These 
show a very pronounced increase in the rate of fall of the barometer 
over the South, and a corresponding decrease over the North. (See 
figs. 134r-146 and the discussion thereon in Ch. VIII.) The initial 
pressures over the North were relatively low, however, so that even 
with a diminished rate of fall as the southern katallobar advanced 
northward, pressures in the North of an extraordinary low level 
resulted, and accordingly a storm of great violence ensued. 

South Atlantic lows. — ^The south Atlantic lows form but a small 
percentage of the total number; yet, owing to the fact that they 
threaten the whole eastern seaboard, it becomes most important that 
the first symptoms of their development be detected. These are not 
early apparent; rarely are they visible on the a. m. maps, but, like 
the southern development in the southern and of a barometric trough 
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mentioned in the preceding paragraph, they are most likely to occur 
during the afternoon, and will thus first appear on the night map. 

Under the topic **High Winds^' Chapter VIII, Mr. Edward H. 
Bowie describes a pressure distribution that foreshadows the develop- 
ment of a south Atlantic low, and illustrates it by maps. (See figa 
129 and 130, Ch. Vin.) 

Other LOWS of the south Atlantic group develop in the trou^ of 
low pressure which extends southward from the primary low that is 
passing over the northern circuit. Still others move eastward across 
the Oulf States and emerge along the coast in the vicinity of Cape 
Hatteras. The forecasts of rain and temperature changes from 
these LOWS are attended by much uncertainty. The forecasts of hi^ 
winds will be discussed in Chapter VIII. 

HIGHS. 

BtghSj cause of. — Ferrell held the opinion that highs do not gen- 
erally depend directly upon cyclones, but only indirectly, and directly 
upon low temperature.^ Prof. Milham in his recent work, " Meteor- 
ology," summarizes the causes of highs as follows: (1) They may 
be caused by lows; (2) they may be caused by the congestion of 
poleward-moving currents; (3) they may be caused by radiation; 
and (4) they may be caused by counter currents, as suggested by 
Bigelow. 

Prof. AGlham points out that if the high is due to the accumulation 
of air from lows or to radiation (causes one and three) it is gravity 
which supplies the energy. If highs are due to the congestion of 
poleward-moving air currents, then the energy comes from the gen- 
eral system. Finally, if they are due to the counter currents (cause 
four), then the source of energy is the relative displacement of 
masses of warm air and cold air, respectively. (Milham, Meteor- 
ology, pp. 812-315.) The observant forecaster can add but little of 
importance toward clearing up the source of energy of the high. 
Inasmuch, however, as highs seemingly originate mostly in those 
places where terrestrial radiation is active, viz, in the clear, dry air 
of the northern Rocky Mountain region, it seems reasonable to as- 
sume that radiation to space has an important bearing upon the 
formation and maintenance of highs. The close relationship of the 
HIGH and the low has already been referred to in this work; it is 
evident that a satisfactory explanation of either member of the 
couple must account for the formation and maintenance of the other. 
Such explanation is not yet at hand. 

>A Popular Twatlee on the Winds, New York, 1889, p. 844. 
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HiffhSj movement of. — ^Lack of movement at the center of a high 
is sometimes the result of a continuous rise in pressure extending 
over 48 to 72 hours. Such a condition is occasionally observed north 
of Montana, as illustrated in the two cases given below. The first 
case is that of February 12, 1904: 

Pressure and temperature changes at Edmonton, Alberta, Feb. 12^14, 1904. 



Date. 

4f 



PVOSSUTB 

(sea 
level). 



IS-hODT 

cbange. 



Tempem- 
ture» 



Feb. 12, a. m. 

p.m 
Feb. 13, a. m. 

p.m 
Feb. 14, a. m. 

p.m 



9.82 
a22 
a 38 
a56 
1.04 

a54 



-ass 
+a42 

+0.14 
+0.20 
+0.48 

-a 62 



-10 
-10 
-12 
-14 
-40 
-14 



Total rise in preoure in the 48 hoars, 1.24 ioobeB. Fa21int6mpenti]ie,30*F. 

The change in the next 12 hours was a fall of 0.48 inch. There 
was no indication on the synoptic charts of a fall intervening be- 
tween the afternoon of the 12th and the morning of the 14th. The 
center of the high was continuously at Edmonton, though the isobars 
projected southeastward, in elliptical loops, reaching Oklahoma by 
the afternoon of the 14th and forming a high of great geographic 
extent, reaching, as it did, from the extreme northern boundary of 
the United States to the Gulf of Mexico. 

Another example showing. a continuous rise for 72 hours is given 
below : 

Pressure and temperature chanffes at Edmonton^ Province of Albertct. 



Dates. 



Fnesore 
(inohes). 



2-hoar 
change. 



Tempera- 
ture. 



Jan. 12, 1806, a. m. 

p.m. 
Jan. 13, 1806, a. m., 

p.m. 
Jan. 14, 1806, a. m. 

p.m. 
Jan. 15, 1806, a. m. 

p.m. 



saio 

80.14 
8a 62 
80.84 
81.02 
31.12 
31.22 
30.00 



-a 08 

10.06 

0.46 

a24 

a 16 
a 12 
ao8 

-0.34 



20 
22 
- 6 
-12* 
-22 
-28 
-44 
-34 



t Values without sign are plus. 
Total rise in pressure in 72 hours, 1.12 inches. Fall in temperature, 66* F 



Unlike the first example this high did not at any time get far 
away from Alberta and neighboring Provinces. Pressure was con- 
tinuously low along the Pacific coast and finally, on the 18th, a low, 
with minimum pressure below 29.50 inches, occupied the region of the 
great high of three days previous. 
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In order to ascertain whether the surface observations afford any 
clue to the rapid movement of highs we have selected from the 
charts of the Monthly Weather Review for the 10 years 1904-1913 
all cases where the plotted movement of the high equaled or exceeded 
750 miles in 12 hours. In all, 85 cases were found and examined in 
detail. The detailed examination makes it quite clear that very 
many of the charted tracks do not represent a progression of the 
HIGH from one point to another. The rapid movement is, in a number 
of cases, apparent rather than real, as we shall explain. 

In a large area of high pressure — ^large in the sense that the inner 
isobar incloses an area of 50,000 to 100,000 square miles — ^there are 
often found isolated places where, due to some local condition or pos- 
sibly to a faulty reduction to sea level, the sea-level pressure is a 
few hundredths of an inch higher than the general pressure within 
the inner isobar. It is customary to designate such local regions of 
maximmn pressure as the center of the high, even if the excess pres- 
sure appears at but a single station. In a case in point, February 17, 
1905, a. m. map, the single station was Yellowstone and the sea-level 
pressure at this station was 30.60 inches, whereas at most of the sur- 
rounding stations it was but 30.58 inches. In the succeeding 12 hours 
the pressure in the northern end of the high fell slightly, but did not 
change at the southern end. As a consequence, the center of the high 
12 hours later was placed at Dodge City, Eans., with sea-level pres- 
sure at 30.58 inches; which happens to be exactly the value it had 12 
hours earlier, when the center of the high was placed at Yellowstone 
with a sea-level pressure of 30.60 inches, as above stated. Thus it 
comes about that the records show a movement of the center of the 
high from Yellowstone to Dodge City in 12 hours, or at the rate of 
62 miles an hour. It seems perfectly obvious that there was no pro- 
gressive motion of the high. 

Another case of an apparent movement of the center of a high at 
the velocity of 80 miles an hour is afforded by the maps of March 
2-3, 1907. On the first-named map, p. m. 2d, a high, 80.30 inches, 
was central at Spokane, Wash. The isobars, however, looped far to 
the eastward, and the pressure gradient was very slight. The map 
of the succeeding 12-hour period shows the center of the high to be 
at Huron, S. Dak. To effect this transformation required but a 
slight fall to the westward of the central portion of the high, on the 
p. m. map of March 2, 1907, and a small rise to the eastward. 

Perhaps the most usual and effective method of shifting the high 
from place to place is through rising pressure in the front and falling 
pressure in the rear. The usual order of sequence in a west-east 
direction is highix)W-high, as graphically illustrated in Weather 
Bureau Bulletin No. 20, page 29. In the disposition there shown the 
eastward high contributes a supply of air to the low, which, accord- 
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ing to theory, ascends and flows off laterally at the top of the cyclonic 
system. It is inferred that the direction of the lateral outflow at the 
top is controlled by the general winds at the altitude at which such 
outflow occurs. Definite information, however, is lacking, but of the 
following facts there is abundant confirmatory evidence, viz, (1) 
when a uow advances eastward it draws air tangentially from the 
eastern high which may be in immediate contact with it (the warm 
southeast winds on the front), and (2) that aif flows tangentially 
into or toward the low from the western high (the cold northwest 
winds in the rear). Obviously this process must eventually result in 
the dissolution of both highs. 

In any event the movement of the anticydonic air itnasB appears to 
be controlled almost wholly by the cyclonic activity which is going 
on on its front and rear, respectively. 

One of the conditions which appear to accelerate the mov^nent 
of i/>ws is also efficient in producing an apparent rapid movement of 
highs. This condition is the looping of the isobars in a definite 
direction far in advance of the center of the high. In the case of 
HI0H8 we may conceive of the process as a building up at some cen- 
tral region and a running down or spreading out by the force of 
gravity from that central point. The running down of highs is 
manifested on the weather maps by the looping of the isobars as 
above described. We may use an illustration drawn fr<Hn the meth- 
ods of topography to make our meaning clear. Let us conceive that 
the air which descends in the center of a high spreads out in the 
direction of least resistance in the shape of successive terraces, so to 
speak, and that each terrace is bounded by an isobar. Not infre- 
quently these so-called terraces spread a distance of 1,000 miles in 
advance of the center of the high. If, now, pressure falls slightly at 
the center of the high and rises slightly on the most distant terrace, 
the center of the high is immediately transferred to the distant 
region, although there has been no transference of the mass of the 
atmosphere from one point to the other. (See also remarks on the 
disintegration of highs.) 

In practical forecasting it is important to know the rate of move- 
ment of HIGHS as well as of lows. The dual partnership that seems 
to exist between tiie high and the low makes it almost impossible to 
consider separately the application of the principles involved in fast- 
moving HIGHS to forecasting. In general, we may say that u fast- 
mavvng high is not dwayB attended hy that marked drop in swrface 
temperature that ^occampameB a high m>oving with m/>derate speed. 
A fast-moving high, from the nature of the case, is presumptive evi- 
dence of the coming of a f ast^moving low ; therefore, there can be no 
decided change to lower temperature. The type of fast-moving high 
2'-.16 9 
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above mentioned is one with circular or oval isobars and wholly 
within the United States. (See fig. 49, Weather Map of Dec. 19, 
1914. See, also, map of Jan. 6, 1912 (a) ; Mar. 9, 1918 (a) ; Oct 8, 
1907 (a) ; and Dec. 9, 1908 (p).) 

There is still another type of fast-moving high, viz, the wedge- 
shaped HIGH of the British Northwest, that moves from that locality 
to the lower Missouri Valley in 24 hours and to the Oulf of Mexico 
in 48 houra A characteristic high of that type is shown in figure 50, 
Weather May of November 18, 1914. These highs cause a sudden 
and decided fall in temperature throughout their respective paths 
and the reaction to higher temperature is almost immediate. (See 
chapter on " Cold Waves-") 

Mention should also be maae of what may be called false, or 
pseudo, highs, viz, those highs generally of small intensity which 
sometimes form immediately in the rear of fast-moving liOws while 
the real high is yet some distance away. (See map of Jan. 22, 1908.) 
In all such cases a second lowering of temperature will occur when 
the more distant high reaches the meridian of the point. The so- 
called false HIGH generally merges with the real high as the latt^ 
moves eastward. 

Highs with increcmng pressure cat the center. — ^Pressure within the 
closed isobar in the central region of a high is subject to many 
fluctuations, some of which are the result of causes that are obvious, 
while in other cases the cause of the marked increase at the center is 
hot clearly comprehended. For convenience of discusdon we will 
divide highs that show a marked increase in pressure within the 
closed isobar encircling the central region into three classes, viz, (A) 
those highs in which pressure increases from a relatively low value 
at the point of origin to a relatively high value within 24 hours. We 
would call the A highs the normal highs ; B highs may be described 
as those which are occasionally built up at the center. These highs 
are not associated with a marked lowering of surface temperature in 
their central portions, as in the case of A highs. Pressure at the 
center may increase as much as two to three tenths of an inch from 
a relatively high value. Thus, on March 4, 1904, a high central over 
Indiana, with maximum pressure of 30.58 inches, moved northeast- 
ward to Maine, maximum pressure increasing to 80.96 inches, which 
high value was maintained for 12 hours. Other cases are February 
l»-20, 1904, and November 27-^28, 1914. While the B highs are not 
important as a temperature control, they evidently exert considerable 
control on lows that may be approadiing from the west or south. 
The uncertainty as to their weather control arises from the fact that 
unless they stagnate their influence is mZ. 

Reenforced or C highs, — ^These are a very important class to the 
forecaster, since they indicate marked changes in temperature when 
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Fig. 41). — Rapid movement of high, December 19, 1914. 
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Fig. 50. — Rapidly moving high of November 18, 1914. 



Digitized by 



Google 



Digitized by 



Google 



Y^-:^ 



1 "oe. — . 



Digitized by 



Qoo^z 




\ 



/ Digitized by 



Google t 

ii 



WEATHER FORECASTING IK THE UNITED STATES. 



181 



the latter is already at a low value. Thus, with the prevailing tem- 
peratures at zero or below, forecasters are not overwatchful in issu- 
ing further cold-wave warnings, although this is sometimes done. 

The following example illustrates the apparent influence of a 
slightly reinforced high in connection with a further drop in the 
temperature closely following an original and marked depression 
of the temperature. The high in question is No. X of Chart II, 
Monthly Weather Beview, February, 1906. The circuitous path of 
that area on closer analysis is probably fictitious. The method of 
charting the tracks of highs and lows that had until recently been 
followed is not adapted to portraying the fact tiiat the cent^ of a 
high or LOW may be stationary at one and the same point for several 
consecutive 12-hour periods. We have redrawn the track in question 
and avoided the difficulty of showing a stationary condition by placing 
the dates and maximum pressures, respectively, within circles, which 
latter have been placed in the immediate vicinity of Winnipeg, and 
present the track of this high as well as of a Oreat Basin high in 
figure Si9. We also give below a table of weather conditicms at 
Winnipeg during the continuance of the high. The latter first ap- 
peared in the vicinity of Battleford, Saskatchewan, on the morning 
of February 24, 1906, with sea-level pressure 80.32 inches; it advanced 
southeastward and appears on the p. m. map of the same date as 
central at Winnipeg, pressure 80.84 inches, a rise of 0.48 inch in the 
preceding 24 hours. The fall in temperature in the same time was 
80® F. to a minimum of zero. 

The weather tU Winnipeg, Feb. M-87, 1906. 
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A very slight katallobar then passed over Manitoba between the 
evening of the 24th and the morning of the 25th, the pressure fall 
in which amounted to only 0.02 inch at Winnipeg, as shown in the 
table. Farther south the amplitude of the fall was greater. This 
small pressure fall apparently provided tiie opportunity for a sec- 
ond anallobar to follow the original, which we have noted as reach- 
ing Winnipeg on the afternoon of the 24th. The sequence is, there- 
fore, (1) the original rise in pressure on the 24th that was associated 
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with a fall in tonperature from 80'' to —6'' ; (2) a slight fall in 
pressure on the 25th; and (8) a second rise in pressoie immediately 
following, causing a further reduction in temperature of 4^, from 
—14^ to —18^. The crux of the matter is the slight fall in pressure, 
so small in this case that it might easily escape the notice of the 
forecaster, that prepares the way for a second rise in pressure and 
a* further lowering of the temperature. The matter is further eluci- 
dated by the series of three charts, February 8, 9, and 10, 1906, re- 
spectively, reproduced as figures 61, 62, and 58. The significant 
feature of the map of the 8th is the juxtaposition of the two highs 
in Manitoba. Temperatures, as may be seen, are well below zero. 
The separation of the high into two craters is indicative of a slight 
break in the continuity of the pressure distribution in the high. 
The p. m. map of the 8th (not reproduced) shows that there was 
a slight fall in pressure during the 8th in the valley of the Red 
Biver of the North, but not sufficient to disturb or alter the ccmfigu- 
ration of the isobars. By the 9th, as it will be seen, the pressure 
gradient between the two high centers of the 8th is considerably in- 
creased, amounting to about two-tenths of an inch, and the tempera- 
ture has risen slightly. The conditions are now ripe for a further 
reduction of temperature. The fall at Devils Lake in the next 24 
hours was from 2^ above zero to 80^ below, as may be seen from 
the map of the lOth. 

Great Basin highs of winter. — Certain orographic features,* as ex- 
emplified by the Great Basin, which term embraces small portions of 
southeastern Washington, southeastern Idaho, southeastern Oregon, 
practically all of Nevada, and western Utah, a strip along the eastern 
border of California and a large area in the southern part of the 
State, exert a marked influence upon highs which come within its 
limits; the action of Great Basin highs is probably partly due to 
geographic locaticm and partly to the topographic features of the 
region. A cursory examination of the weather maps during the cold 
season will create the impression that Great Basin highs are of a 
semipermanent character, persisting, as they often do^ for 10 days or 
2 weeks. It is believed tiieir formation is indicated by an anallobar 
passing southeastward from British Columbia. 

The magnitude of the Great Basin high and the level of the 
barometer reached therein depend primarily upon the initial pres- 
sures at the time the crest of the anallobar is superposed upmi the 
existing pressures. The initial impulse may come from Alberta, 
whence anallobars pass to the southward and spread out fan-shape 
to the east, south, and southwest; in any event, as soon as a high 
of,* say, 80.60 inches sea-level pressure is established in the Great 
Basin there is then apparently a general stagnation in the local sur- 
face currents. The air is very dry and, possibly through the effect 
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of nocturnal radiation, the lower air layers are further cooled, while 
pressure rises by small increments each day for several days, al- 
though the process is not continuous. If, however, the ground is 
snow-covered, the conditions are more favorable than otherwise. In 
a few days, generally in less than a week, katallobars that move east- 
ward across British Columbia touch the northern portion of the 
Great Basin and pressure begins to fall, slowly at first, and then more 
rapidly as the air is drawn across the mountains of Idaho and Mon« 
tana to feed Alberta lows. The effect of this slow fall in the north- 
em portion of the basin, while pressure in the central and southern 
portion is stationary or slowly rising, is to shift the center of the 
HIGH little by little to the southeastward, until finally it reaches the 
vicinity of Salt Lake City, or passes southeastward over the elevated 
table-lands of Wyoming. 

As soon as the trough of the first katallobar has passed, a reaction 
to higher pressure sets in over the northern portion of the Oreat 
Basin, and thus the high is periodically renewed. The character- 
istic feature of the Oreat Basin high is its ability to maintain itself 
for several days practically unchanged, and this ability is due, as 
we have suggested, to physiographic features which are responsible 
for the low surface temperatures and the lack of air drainage from 
the districts west of the Sierras, whence a supply of warm air is had. 
The path of a typical Great Basin high is plotted in figure 29, and 
we give below, as illuminating the weather conditicms at a repre- 
sentative station in the Great Basin, viz, Boise, Idaho, weather sta- 
tistics for the period January 11-20, 1908, during which time the 
original high was twice renewed at its northern extremity, and a 
third renewal was in progress at the close of the period. 

Weather statUtics, Boise, Idaho, Jan, 11-20, 1903. 
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Forecasting value of Great Basin highs. — ^It has long been recog- 
nized by forecasters that, while a high occupies the Great Basin, 
Alberta and north Pacific lows will move eastward over the north- 
em circuit and that fair and moderately warm weather will prevail 
over the Plains States; moreover a high firmly lodged in the Great 
Basin appears to prevent north Pacific lows, which are so essential 
to the causation of rain on the Pacific coast, from moving south- 
eastward over Oregon and California. 

Additional remarks on Great Basin highs by District Forecaster 
F. H. Brandenburg will be found in Chapter XTT. 

Another group of very important highs are those which move into 
the Lake region, especially in the spring. These highs are discussed 
rather fully by Prof. Cox, from whose manuscript the following is 
taken: 

LAKE BKGION HIOHS OF SPBINO. 

Sometimes hiohs in spring which first appear in the British Northwest or 
come in from the north Pacific coast will develop in intensity as they move 
southeastward across the Lake region and control the weather conditions in the 
eastern half of the country for nearly a week. The pressure increases over the 
Lakes because the isobaric surfaces there become depressed, due in that seawm 
to the relatively cool air, and this depression aloft is flUed in with air trans- 
ported by the westerUes of the higher altitudes, thus producing increased pres- 
sure at the siirfiu» of the earth. These highs after reaching the Lake region 
sometimes wiU drift slowly southeastward across the Middle Atlantic States 
Into the permanent high over the south Atlantic Frequently rain wUl foUow 
over the Middle West on the southwest side of the high, but if the high 
takes a more southerly course after reaching the Lakes, the rain area is 
not likely to advance eastward. Such highs wiU often completely break 
up a trough of low pressure advancing from the west (Apr, 17-22, 1918; 
May 7-12, 1918; and June 7-10, 1918.) These highs often remain stationary 
over the Lake region and keep the rain from advancing until there is evidence 
of a breaking away in the shape of falling pressure in the sections west of the 
Lakes. Until the barometer does b^in to f^ll west of the Lakes, regardless of 
how much rain is faUing in the west, fair weather may be expected to continue 
in the Lake region. Moreover, as a disturbance approaches from the west or 
southwest, accompanied by rain, the beginning of rain in the spring is much de- 
layed in the Lake region; in fact, it is often delayed until the storm center 
approaches quite closely or until the wind shifts to southerly as the storm 
moves northeastward. (June 1-6, 1908; Apr. 28-26, 1905; May 8-8, 1910; May 
5-6, 1900.) The reason for the persistent fair weather in the Lake region at 
this season is due to the influence of the high, because the winds blowing out 
of it over a water surface are warmed considerably as they reach and pass over 
the land, and with the rising temperature the air has a much greater capacity 
for moisture. It is not a fact, then, that easterly winds, at least in the spring 
and early summer, indicate precipitation in the Great Lakes region, but instead 
they often presage a protracted period of fair weather. 

In the spring, when a high appears in the British Northwest and a low in 
the south or southwest, the high as it moves eastward overspreads the entire 
Lake region, but as the season advances into late May and June, with increas- 
ing temperature of the water, it is less and less likely to be f^lt over the 
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southern portion of the Lake region, especially when an area of high pressure 
overlies the southern or southeastern States. The 12-hour pressure-change map 
generally Indicates the progress of the movement of these highs, as In other 
types of maps. A strong rise In pressure In the northwest and a fall over the 
middle Mississippi Valley, even though slight, are certain Indications of a high 
extending In Its eastward movement over the southern limits of the Lake region 
and even heyond. 

HUDSON BAT HIGHS. 

The class of highs hereunder considered differs somewhat from the 
ordinary type in the following respects: 

The crest of the high appears far to the westward, about the 
ninety-fifth meridian, and the area of temperature fall is not coinci- 
dent with the area of 12-hour pressure rise. The high extends in an 
east-west direction, with its center generally north of the Grreat 
Lakes. It apparently originates in Manitoba or eastern Saskatche- 
wan, and attains its greatest development in February in the region 
about Hudson Bay. Pressure may be as high as 80.60 inches sea 
level, at the beginning and it may increase to 80.80 or 80.90 inches. 
Temperatures at White Eiver are very low, 40° or 60® below zero. 
This HIGH differs from another type, which has the same apparent 
point of origin, in the fact that the latter moves southward into the 
United States, whereas the first-named does not, except that the inner 
isobar may descend over the Valley of the Eed Eiver of the North, 
but the movement is generally east until the Upper Lakes are passed ; 
thence the movement is southeast, particularly if there has been a 
fall in pressure in the Middle Atlantic States or along the coast. 

Highsj in their temperature relations. — ^It is one of the rudimen- 
tary propositions in forecasting that a high is associated with a 
lowering of the surface temperature in its path and frequently over 
extended regions on either side. While this fact is known to every- 
one who has had any experience with daily weather maps, yet the 
degree of lowering of the temperature and the details that are asso- 
ciated with the different seasons are not so well known, and that is 
our excuse for these paragraphs. 

The use of the expression, ^^ cold high " in this work is not equiva- 
lent to the admission that there are ^ warm " highs, although it does 
appear that there are different degrees of cold associated with highs, 
and that in exceptional cases the surface temperature within a high 
may be above the normal — see the South Atlantic States high of 
April 27, 1916, and other highs in that region during the summer 
months. 

In order to show the seasonal differences in the reduction of tem- 
perature associated with highs, we have prepared a series of eight 
charts showing the amount of surface cooling associated with the 
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HIGHS of February 4-7, 1906— a winter type — and of July 16-18, 
1896— a summer type— respectiTely. These charts (see figs. M to 61) 
show the inner and the next consecutive isobar of tiie high in black, 
and the lowering of the temperature in red lines; the line of no 
change in temperature is shown by a heavy black line. 

Considering, first, the winter series, it is to be remarked that the 
reduction in temperature is widespread and affects the entire region 
east of the Rocky Mountains; moreover, that while the crest of the 
HIGH moved almost due east across the Lake region, there was a 
sharp fall in temperature over the southern Plains States and Texas, 
reaching the Oulf coast on February 6, and that there is considerable 
overlapping of the areas of temperature fall from day to day. Thus, 
on February 6, there is an area of 20 degrees fall over Minnesota and 
North Dakota, in which territory temperature has fallen for three 
consecutive days. On this same date it is noted that temperature 
has begun to rise on the Pacific coast, which rise had advanced to 
the Dakotas by the 7th. 

The summer series, July 1&-18, 1896, figures 58-61, show that 
the fall in temperature associated with a high in the summer is less 
than half what it is in winter, and that the areas affected are very 
much les& Also, that the amplitude of the fall is greatly reduced as 
the high reaches Atlantic coast districts. One may also observe in 
both winter and summer the modifying effect of local topographic 
conditions. 

THE disintegration OF HIGHS. 

The natural function of highs seems to be to serve as feeders of 
I/>W8, and it is almost wholly in the exercise of that function that 
they disintegrate. They will decay whenever for one reason or an- 
other they are shunted off the main track followed by i/>ws. In the 
cold season dead or disintegrating highs occupy the Plateau and 
Bocky Mountain regions and occasionally the Oulf and South Atlan- 
tic States. The decay, we believe, is due to the fact that when a 
high ceases to follow closely a low it loses any inherent energy that . 
it may have had and naturally bec<Mnes an inert mass of air. 

The amount of lowering of temperature that is associated with dif- 
ferent HIGHS seems to vary with the origin of the high. The writer 
has before pointed out (Monthly Weather Beview, vol. 36, p. 54) 
that HIGHS passing inland from the Pacific Ocean are not asso- 
ciated with severe cold as they move across the continent. Hence, 
as a matter of forecasting, the origin of the high and the path of the 
LOW which precedes it must be considered. This subject will be fur- 
ther treated in the chapter on cold waves. 
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INDIGATIOKB FBOH HIOHB. 

An increase in pieesore at the origin of a.HiOH, or the place of its 
first appearance on the weather maps, extending over two saocessive 
maps, is an indication of the building of a strong high. likewise, a 
rise in pressure that extends over two consecutive maps at any time 
during the eastward or southeastward movement of a high indicates 
that the speed of the high will diminifih and it may present an un« 
yielding front to a low that threatens to advance into it A third 
precept of similar character is, when the central pressure in a high 
increases during the day hours — that is, when the increase shows on 
the p. m. map-H3udi increase may be taken as the equivalent of an 
increase in the intensity of the high. Normally, the afternoon pres- 
sures are a little lower than the morning pressures. Whenever, then, 
the normal diurnal tendency to lower pressures on the p. m. map is 
overcome, and even reversed, it is clear evidence of an increase in the 
intensity of the high. 

Trend of the isohara in a high. — ^Isobars trending north-south 
facilitate the transfer of cold air to southern regions on the eastern 
side of the high and, conversely, of warm air to higher latitudes on 
the west side of the high. 

Reenf arced higha. — ^The point to be carefully observed as indi- 
cating a fresh fall in temperature is a slight fall in pressure. Highs 
in the British Northwest, with two centers in immediate juxtaposi- 
tion, indicate the probability of a fall in pressure between the two 
independent centers. (See figs. 51, 52, and 53.) 

Great Badn highs. — See District Forecaster Brandenburg's note 
in Chapter XII. 

Rain in southwest guadramJb of a high, — ^A circular high moving 
toward the east rather rapidly in, say, latitude 35^ sometimes gives 
light rain, beginning in Kansas or Arkansas and continuing thrice 
eastward, sometimes even to the Atlantic coast. Somewhat the same 
situation, only in a more intensified form, causes heavy and con- 
tinuous rains in Texas and the Southwest, as in the closing days of 
June, 1899. (See the weather maps of June 27, 28, 29, and 30 of 
that year.) Li the case first named a low to the southwest of the 
high is not visible; in the second case there is an ill-defined low 
along the Texas coast or to the westward over southeastern New 
Mexico. This combination — ^well-defined high to the northeast and 
ill-defined low in either of the places named — seems to cause heavy 
downpours of rain over Texas and the Southwest, especially in north- 
east New Mexico. (See the maps of May 1, 1914.) It is a rather 
curious fact that, notwithstanding the arid character of southwestern 
Texas, some of the heaviest rains in the United States fall over that 
territory. 
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THE TEMFEBATITBE AND THE WIND ELEMENTS IN FOBECASTINO. 

While few definite rules can be laid down as regards the influences 
of surface temperature on the course of a low, it may be confidently 
asserted that a low will rarely or never move into a region of fdUing 
temperature. In general, the movement of the low is more apt to be 
parallel to the isotherms than across them. A well-developed low 
in the Mississippi Valley, however, is able to alter the course of the 
isotherms as it moves northeastward; hence, this rule should not be 
taken too literally. 

The late Prof. E. B. Garriott, in 1895, fortnulated a rule regarding 
the influence of temperature on the course of a low as follows: 

Low areas wiU not cross isotherms which represent lower temperature than 
that which obtains about the low center. 

Prof. Garriott, in 1894, credits Lieut (now Col.) Glassford, of the 
United States Signal Corps, with a somewhat similar rule, as follows : 

A storm center will not cross an isotherm which descends southward in its 
front 

Garriott's rule, as well as Glassf ord's, would seem to be applicable 
to the Rocky Mountain and Plateau regions and in a lesser degree to 
the Plains States, but not east of the Mississippi Valley. 

Prof. Cox says, " Rain seems to follow a high that has produced 
general frosts." (See p. 807.) This statement bears out the observa- 
tion frequently made that after several frosty mornings, particularly 
if the ground be bare of snow, rain is quite likely to follow the advent 
of almost any kind of a low that may be approaching from the west 
or southwest • 

It is the view of the writer that while the value of the temperature 
element in forecasting the weather in the United States is not great, 
its true significance has not yet been thoroughly investigated. The 
difficulty arises from the fact that it is not easy to eliminate the effect 
of diurnal variation and peculiarities due to surface cover and other 
purely local cauises. The morning temperatures east of the Missis- 
sippi Valley are fairly satisfactory. These readings, it may be 
remembered, are made at 8 a. m., seventy-fifth meridian time, an 
hour that is not far distant from the hour at which the daily mini- 
mum occurs. The 8 p. m., seventy-fifth meridian time, temperatures 
that appear on the 8 p. m. weather maps, on the other hand, are 
unsatisfactory, especially in the Rocky Mountain region and thence 
westward, since they correspond quite closely with the daily maxima 
in those regions. 

There is one phase of the subject that is important in connection 
with forecasts of precipitation, viz, a rise in temperature to the east 
of a trough of low pressure in the same forecast period for which 
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precipitation has also been forecast at times seems to be inimical to 
the occurrence of precipitation in that period. Generalized broadly, 
this idea may be expressed as follows: Precipitation is slow in 
beginning on the warm side of a trough of low pressure or a long 
oval LOW whose major axis extends in a northeast-southwest direction. 

The explanation generally offered is that in barometric configura- 
tions of the kind described, the winds on the warm side of the de- 
pression are southerly and probably without convective ascent. The 
beginning of precipitation is therefore deferred until the trough 
line of the depression crosses the place, with the attendant shift 
of the winds to a westerly quarter. 

A snow covering, through its influence on the surface tempera- 
ture, has a tendency to build up hiqhs and apparently to cause 
them to linger over snow-covered surfaces longer than over bare 
surfaces. This problem has not, however, been studied in detaiL 

THE WIND ELEMENT IN FORECASTING. 

Considering that the relation of wind force to barometric gradient is 
one of the fundamental questions in modem meteorology, it is rather 
surprising that so little use is made of it in the practice of Weather 
Bureau forecasters. We are inclined to believe that the reason 
therefor arises from the lack of accord between the wind directions 
and the isobars so often noted on the daily map. It has been custom- 
ary, and wiB believe rightly, to ascribe the inconsistencies above men- 
tioned to irregularities in the surface of the earth that produce varia- 
tions in the coefficient of friction, and these variations from one 
point to another produce disturbances of the angle between the 
isobars and the wind. To the natural irregularities in the surface 
of the earth there has been added a series of artificial irregularities 
due to the placing of wind instruments on the roofs of tall office 
buildings in the larger cities. These exposures vary in altitude above 
the surface of the ground and also above the artificial surface created 
by the roofs of surrounding buildings, so that there can be no uni- 
formity of exposure, and we must therefore expect rather frequent 
cases of departure in both direction and speed of the wind from the 
theoretical wind due to the pressure distribution. Of course, the 
wind direction in regions of indifferent pressure gradients gives 
early and valuable information of the formation of a cyclonic cir- 
culation. Occasionally a weak cyclonic circulation on the morning 
map is the first suggestion of thunderstorm formation later in 
the day. 

It would be a step in advance to determine for each station the 
deviations from the normal winds that occur at that station, thus 
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forming a system of local corrections that would be valuable to a 
forecaster in an attempt to use the wind element at its true value. 

The force of the wind as recorded by anemometers placed on the 
roofs of tall buildings also lacks homogeneity and thus discourages, 
in the short time available for consideration during the forecast 
hour, any attempt at correlating wind velocities and pressure gradi- 
ents. The forecaster is generally acquainted with the local exposures 
and with the fact that for the same barometric gradient the velocities 
are considerably higher at Gome points than at others, due to differ- 
ences in local exposure, and he acts accordingly. 

A consideration of the force of the wind in connection with the 
pressure distribution forms a most important part in the sch^ne of 
M. Gabriel Ouilbert^ for forecasting the weather. The details of 
M. (Gruilbert's scheme are fully set forth in the reference given below, 
and Sir Napier Shaw discusses its application to weather forecasting 
in Great Britain." 

In the United States Prof. F. J. Walz, of Louisville, Ky., has en- 
deavored to apply M. Ouilbert's qrstem to the forecasting probleuL 
Prof. Walz says: 

I have practiced a Uttle in trying to apply Gnilbert*s system to conditions in 
the central portion of the United States, but of course the values of the normal 
winds have not been computed for the various stations; also the anemometer 
exposures at the various stations are the causes of a considerable difference in 
winds reported, thus making it difficult to make comparisons with any adopted 
value of the normal wind. I used the values for normal winds adopted empiri- 
cally by M. Guilbert and by converting them into the standard used in this, 
country constructed a table as follows: 
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Other difficulties experienced in practically applying the method of normal 
winds are : Depressions frequently cover large areas in the United States, much 
larger, as a rule, than those passing over northern Burope, and hence our 
storms are not so concentrated and well marked in their dynamic action ; and 

^Principles of forecaitlng the weather, translated by O. L. Fasslg, Monthly Weather 
Review, vol. 85, pp. 211-212. 
' W. N. Shaw, forecasting weather. London : Constable, 1911. 
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Shallow depressions, with no marked strong winds, often give generous precipi- 
tation oTer large areas and become Important formations, while the wind velod- 
tleSr irregular or small, give no due to their actnal movement and behavior. 

In addition to the difficulties pointed out by Prof. Walz, we would 
add that the scale of the weather maps in use by the Weather Bureau 
is not suited to easy computations of gradient per unit distance, and, 
moreover, that, inasmuch as the position of the isobitrs is frequently 
interpolated, there would be danger of the introduction of an error, 
in some cases of a magnitude great enough to obscure the small dif- 
ference we might hope to detect There would always be the possi- 
bility that, after all, the difference between the observed and the 
theoretical gradient force might be due to some local condition which 
would have no influence on the future intensity of the storm. 
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CHAPTER VI. 

COLD WAVES. 

By Henbt J. CJox, Professor of Meteorology. 

[With contrllmtloiifl by District Forecasters John W. Smith, Isaac M. CUne, Frederick H. 
Brandenburg, Bdward A. Seals, and George H. Wlllson.] 
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CX)LD WAVES. 



Cold wave defmed. — The term "cold wave,'' as used by the 
Weather Bureau, means a 24-hour fall in temperature of 16**, 18**, 
or 20** vnthin a 36-hour period and to varjong limits of minimum 
temperature in different sections of the country, as shown by figures 
62 and 63. The amount of fall and the degree of cold have been 
arbitrarily fixed with a view of properly protecting commercial and 
agricultural activities in the various districts. 

There are great differences in the limiting temperature because of 
the wide variation in the winter cold throughout the country, as 
shown by figure 64, which indicates the lowest temperatures ever 
observed in the various sections, and as shown by figure 65, upon 
which appear the normal 8 a. m. temperature readings for the third 
decade of January, corresponding closely with the normal minima 
during this mid- winter period. It is especially interesting to note, 
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in figure 65, how much lower these normaltemperatures are at Moor- 
head, Minn., for instance, and in Manitoba, directly to the north,' 
than in similar latitudes westward to the Rockies. 




Fla. 62. — Cold-wave sone8» March to November. Amount of fall and verifying limit. 
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Fio. 68. — Cold-wave cones, December, January, and February. Amcunt of fall and 

verifying limit. 

Extremes of mdmrMim temperature in the United States. — ^The 
absolute minima in the Northwestern States east of the Bockies range 
from —40'^ to —60°, and in the northern portions of New England 
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and New Ywrk State from —30° to —40°. Zero temperature has 
been noted in the extreme south in the Gulf region from Mobile 
to Tallahassee, and readings as low as 10° on a line passing from 
northeast to southwest through the north portion of the peninsula 
of Florida and through extreme southern Texas at the mouth of the 
Eio Grande, as shown by figure 64. The entire State of California, 
as well as the Florida peninsula, has, at some time, been visited by 
freezing temperature. 

It is proper to compare the diflferences in the readings as they ap- 
pear in figure 64 with the temperatures in figure 65, and in this 
comparison we fibid considerable harmony, the lowest minima and 
normals naturally being in the North and highest in the South, 
although the differences in figure 65 are, of course, not so great, 
because they represent normal or average readings rather than ex- 
tremes, as shown in the first named. The change from north to 
south is not uniform in every case, especially near the Great Lakes 
and in the Far West, but this inequality is due to water influence 
and elevation. Boughly, the differences in absolute minimum tem- 
perature between the northern frontier and the north coast of the 
Gulf of Mexico exceed 50°, while the differences between the normals 
in similar sections range from 40° to 50°. 

Verification of coldr-wofoe warrdngs in different sections^ — ^The 
districts set off in figures 62 and 63 are arbitrarily selected as seem- 
ingly demanded by the public interests, and the readings to which 
the temperature is required to fall in 24 hours in order to verify 
cold waves in these districts conform rather roughly to the varia- 
tions shown in figures 64 and 65. However, the differences from 
north to south between the limiting temperatures in figures 62 and 
63 are not so great as between the minima in corresponding sections, 
as shown by figure 64, and between the normal morning tempera- 
tures, as shown by figure 65. This is mainly because the readings re- 
quired to verify a cold wave in the North are not as much below the 
normal as in the South. Temperatures of 32° along the Gulf coast 
in Floiada and in southern California at any time of the year are 
quite serious. While a fall to zero verifies a cold-wave warning in 
North Dakota and Minnesota, the normal winter minima at several 
points in this area are very close to zero, but in the extreme South 
these normal minima are 15° to 20° above the freezing point (32°— 
the verifying temperature). Crops in the Florida peninsula and in 
southern California are in growth during the entire winter and must 
be protected from low temperature, and this is the reason that warn- 
ings of falls to 32° are necessary. The limiting temperatures in the 

^ Under recent Instractlons (No. 19* of 1916) the winter limiting minimum in certain 
sections has been made applicable to March cold waves. — Editor. 

2"— 10— 10 
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North have reference largely to possible damage to perishable goods 
in shipment and, on the eastern Eocky Moimtain slope, to stock 
interests. As might be expected, the limiting temperatures in all sec- 
tions are lower during December, January^ and February than in 
the spring and autumn months, the puri>ose being to give warning of 
all sudden and marked faUs in temperature that may be severe for 
the season. 

The official definition of cold waves has been changed from time to 
time ; thus until a few years ago the limiting temperatures to which 
the thermometer had to fall were considerably higher. It is obviously 
difficult to work out a thoroughly satisfactory scheme, but it is 
thought by forecasters of long experience that the present limiting 
temperatures serve the purpose admirably. 

How cold wa/ve8 occur. — Cold waves usually come suddenly, a 
decided fall in temperature occurring after a period with tempera^ 
tnres at or above the normal. There are, however, occasions when a 
very low temperature is reached by a slow fall covering a period of 
three days or more. A forecast of such conditions is not important, 
because they develop gradually and protection from damage can be 
more easily provided. A discussion of the forecasting of these slow 
falls in temperature belongs to the chapter on temperature changes. 

Geographic distribution of cold waves. — ^The places where the 
minimum temperatures are the lowest (fig. 64) do not necessarily 
coincide with those where cold waves, so called, are most frequent, 
as shown by figure 66. For instance, the lowest absolute minima 
(fig. 64) are found in northeastern Montana, but cold waves are 
not so frequent there as in northeastern North Dakota (fig. 66). 
This is because many of the cold waves that advance from the Cana- 
dian Northwest take a southeasterly course over Manitoba and the 
Red River of the North Valley without affecting the northeastern 
slope of the Rockies, while all the cold waves that visit the latter 
section, including eastern Montana, later overspread North Dakota, 
Minnesota, and the sections lying to the east. The Red River of the 
North Valley, running between Minnesota and North Dakota north- 
ward into Manitoba, very seldom escapes a cold wave visiting the 
western portion of the country; and it is because of this that the 
normal minimum temperatures are lower there than in the secti<ms 
farther west, although the extremes may not be as low. 

Even with the great range in the requirements of verification, as 
noted previously, cold waves in the northern States east of the 
Rockies occur in large numbers, as compared with those in the South- 
em and Pacific Coast States. Verifications are seldom noted on the 
Pacific slope and in the Florida Peninsula south of Jacksonville. Of 
course, as stated before, freezing temperature occurs in the latter sec- 
tions, but it is not usually reached in the required 24-hour fall of 16°, 
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but almost always occurs on either the second or the third night of 
the cold wave. 

Frequency of cold waves. — Figure 66 has been prepared to show 
the total number of cold waves in a 10- year period from the autumn 
of 1901 to the spring of 1914, inclusive, as verified by the 8 a. m. 
(seventy-fifth meridian time) observations. The number of cold 
waves recorded in northern New England is even greater than that 
in the Red Biver of the North Valley, Northfield, Vt, and Eastport, 
Me., having in the 10-year period 105 and 108, respectively, and 
Moorhead, Minn., 100. One reason why there is such an unusually 
large number in northern New England as compared with sections to 
the west and south is that many of the cold waves visiting it come 
from the Hudson Bay country in a southeasterly direction without 
affecting seriously the other districts, although places dose to the 
frontier, Uke Canton, N. Y., and Sault Ste. Marie, Mich., are fre- 
quently within the trade, as the figures in figure 66 show. !AJiother 
'reason is that the most frequented track of low-pressure areas is 
across northern New England and the lower St. Lawrence Valley, 
and near this path cold waves may be expected most frequ^itly. 
This point will be referred to later. 

During the period of 10 years not a single technical cold wave has 
occurred at the coast stations of California, Oregon, or Washington, 
while Bed Bluff and Sacramento are the only two places in Califor- 
nia west of the Sierras and Boseburg, Oreg., the only station west 
of the Cascade Bange that have had any during that period — num- 
bering one, two, and five, respectively. In the Florida Peninsula 
Tampa has had two in the period of 10 years, while none has occurred 
at Miami 

The above, of course, has reference only to instances when there 
was a fall in temperature in 21 hours sufficient to verify a cold-wave 
warning. Frequently, of course, the temperature falls lower than the 
required minimum, but not within the period of 24 hours. A notable 
case in point is the severe cold wave in California in January, 1913, 
the record minimum of 26^ being observed at San Diego on the Tth, 
with readings as low as 28^ on the 6th and 36"" on the 5th, so that 
there was no technical verification. The notification of this low tem- 
perature was given through the frost warnings, as is usually the case 
in California and Florida. 

There is no uniformity in the number shown in figure 66 for many 
reasons aside from those already given. If the requirements for 
verifications of cold waves were similar for all portions of the coun- 
try and there were no water influences or pronounced differences in 
elevation, the number of recorded cold waves would doubtless de- 
crease ste^idily from north to south. The simple fact that in the North 
the required limiting temperatures are only slightly below normal. 
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while in the South these temperatures are far below the normal, is in 
itself sufficient to account for the unusually large number of recorded 
cold waves in the North as compared with those in the South, aside 
from the fact that storm movement with steep barometric gradients 
accompanied by marked changes in temperature are much more 
frequent in the North than in the South. 

llie differences in verifications, as shown by figures 62 and 63, 
for the various sections of the country are also responsible for many 
of the differences in the number of cold waves recorded in sections 
close to the dividing lines of the districts. For instance, Madison, 
with its 65 cold waves, has a larger number than either Milwaukee 
or La Crosse, between which Madison lies, or than Dubuque to the 
southwest and Green Bay to the northeast This is doubtless because 
the line separating the zones of limiting temperature passes directly 
west of Madison. If the line passed east of Madison and zero were 
the limiting temperature required at Madison in the winter months, 
the number of recorded cold waves there would be much less and con- 
form more closely to the records at other stations in the vicinity. 
Milwaukee, although in the same zone as Madison, is normally 
warmer in winter, and its number of recorded cold waves is therefore 
less. Cairo has likewise a larger number than Evansville, Ind., 
Louisville or Lexington, Ky., or Cincinnati, Ohio, only because, for 
verificaticm purposes, Cairo happens to be included in a district not 
requiring so low a minimum temperature as the district in which the 
other stations are located. For the same reason, doubtless, a larger 
number of cold waves is recorded at Concordia, Kans., than in south- 
em Nebraska, and at Oklahoma City, Okla., and Forth Worth, Tex., 
than at places directly to the north or south. 

The influence of the Cheat Lakes on cold waves. — The influence of 
the Great Lakes on cold waves is shown by figure 66. The water of 
the Lakes is a decidedly modifying influence on cold waves, especially 
in the fall and the first part of the winter, and the cold must tl^en be 
very severe in the northwest and barometric gradient quite steep in 
order to bring a cold wave across the Lakes and affect the Lower 
Michigan Peninsula. During such conditions a cold wave may occur 
at Chicago, while on the other side of the lake moderate temperatures 
may prevail. Not only is the number recorded much less at various 
points on the Great Lakes than at near-by places in the interior, but 
there is also a great variation in the number of verifications within the 
lake region itself, depending upon which side of the lake and how 
close to the water the stetion is located. The most striking differences 
are noted in the Lake Michigan region, the number on the west shore 
being five or six times as great as on the east shore. In a 10-year 
period, Milwaukee, Wis., has had 47 as compared with 9 at Grand 
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Haveii, the degree of the cold brought across the lake being materially 
reduced by the temperature of the water by the time it reaches the 
eastern shore. This lake influence affects, in a degree, the entire 
Lower Michigan Peninsula, but the effect is not so great in the interior 
and eastern sections as along the west shore. This fact is illustrated 
by the figures at Grand Haven as compared with those at Grand 
Bapids, Detroit, and Port Huron, with 14, 16, and 28 cold waves, 
respectively. So also in New York State, the number of cold waves is 
much greater in the interior than near the Lakes. For instance, 
Buffalo, Eochester, and Oswego, near the lake shore, had 20, 27, and 29 
cold waves, respectively, while the interior stations of Ithaca, Bing- 
hamton, and Syracuse had 38, 45, and 52, respectively. In the Upper 
Michigan Peninsula there is a considerable difference between Hough- 
ton and Marquette, with 35 and 21, respectively, and a very great 
difference between the latter place and Sault Ste. Marie, where 58 
were recorded, chiefly because Marquette is exposed directly to the 
water influence, while Houghton is a slight distance away from Lake 
Superior on Portage Lake; and Sault Ste. Marie is also located a 
short distance from Lake Superior on St. Marys Biver and its winds 
in a northwest cold wave do not blow directly off the lake. Moreover, 
at the latter station, many great falls in temperature ere brought 
from Hudson Bay by a northeasterly wind or land wind instead of a 
northwest wind from the direction of Lake Superior. 

The greater number of cold waves at Escanaba, 44, as compared 
with those at Marquette, 21, is because the main cold-wave wind, the 
northwest, at Escanaba, is off the land, while at Marquette it is 
directly off Lake Superior. 

Because of pronounced lake influence during the fall and early 
winter, cold waves very rarely occur at points so situated on the 
Lakes that the prevailing wind is a lake wind. In fact it is not until 
January and February when the lake becomes at least partly frozen 
that^cold waves ai^e possible at these places. In the month of 
December, while the temperature of the water is still above 82°, not 
a single cold wave was noted during the period of 10 years at Grand 
Haven and only 1 at Grand Bapids, as compared with 6 at Milwau- 
kee on the other side of the lake. Of course it can be readily under- 
stood that with a lake wind the temperature wiU not fall to 10° or 
even much below the freezing point (32°). 

Inf/uence of thermometer exposure. — ^Another reascm for the lack 
of uniformity in the recorded number of cold waves in the various 
sections of the country is the great difference in the exposure of the 
thermometers. For instance, stations located in the country where 
radiation is free at night will show a much greater number of re- 
corded cold waves than city stations. During cloudy weather, which 
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usually precedes a cold wave, the minimuiu temperature is likely to 
be as high in the country as in the city, but with the coming of cold 
weather the sky clears, and the temperature falls to a much lower 
point at country stations, because of the freer radiation. Peoria, 
with the station located in its suburbs and a sod exposure for the 
thermometers, had, during the 10-year yeriod, 41 cold waves, as 
compared with 32 at Chicago. Peoria had a larger number than 
Chicago^ not only because of the location of its station in the country, 
but also because it is away from the Great Lakes. Cold waves occa- 
sionally fail at Chicago because of a shifting of the wind from 
northwest to a northeasterly lake wind. Charles City, with an ex- 
posure in the country, had 65 cold waves, which far exceed the num- 
ber credited to any other station in Iowa. So also has Meridian, 
Miss., a much larger number than Vicksburg to the west and Mont- 
gomery to the east * 

Effect of variation in verification in different sections. — ^While the 
number of recorded cold waves at Mobile, Pensacola, and Thomas- 
ville is much greater than at other places directly to the nortii, this 
is doubtless because of the difference in verification, and, at Thomas- 
ville, Ga., also to sod exposure of the thermometer; but the number 
at these places is even greater than at cities farther west, as at New 
Orleans, because many of the cold waves moving soudieast often 
affect these three cities without visiting New Orleans. As a rule, a 
reason can be found for the great variation in the figures in various 
parts of the country, although possibly in some cases it is not readily 
apparent 

Influence of topography and proximity to ocean. — ^Marked falls in 
temperature us^ally are produced by a high following the move- 
ment of a well-marked low and with a steep barometric gradient be- 
tween the two. As these conditions prevail much more frequently 
in the North than in the South, changes in temperature in the North, 
as stsrted before, are far more pronounced. The Pacific Coast States 
are in a class by themselves, as the temperature there is largely gov- 
erned by the winds from the Pacific, which practically prevent cold 
waves, even in the extreme northern portion. In the Plateau, al- 
though very low minima sometimes occur as shown by figure 64, 
cold waves are infrequent. However, a large number has been re- 
corded during the 10-year period at Winnemucca, Nev., and at 
Modena, Utah, 27 and 26, respectively, as shown by figure 66. At 
Wiimemucca the winter minima are lower than at other stations in 
that section, and doubtless they are relatively low at Modena, al- 
though as yet no normals have been computed for this station be- 
cause of its short record. (Fig. 65.) 
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Brandenburg states as follows regarding the cold waves at Mo- 
dena and Winnemucca: 

My observation Is that the greater number of cold waves occurs where the 
greater number of ijows occurs. The topography of the middle and southern 
plateau region is such that lows that form in the vicinity (of which there are 
a large number some wint^s) and those that come from the South Pacific 
coast region almost invariably pass through Modena and Flagstaff. Lows in 
these places if they move at all generally move rapidly, making the reaction 
in temperature pronounced. In most instances the cold that follows the 
passage of a low in the Plateau region is not the cold of translation, but is the 
result of the intense loss of heat by radiation at night that is common to the 
elevated arid region. A snow covering adds largely to the fall in temperature. 

The number of lows that pass through V^innemucca is perhaps fewer than 
the number at Modena, but the deficiency is more than made up by the number 
of northern lows that loop southward, and sharp changes in temperature 
occur, even though the true centers are far to the north.^ 

Willson, of San Francisco, writes as follows regarding these dif- 
ferences in the Plateau region : 

It is my opinion that the radical changes at Winnemucca are due mainly 
to topography. The mountain ranges to the north are low and have a decided 
north and south trend, which f aciUtates the southward movement of cold air 
from the north. The same conditions appear to hold good for Modena, but 
Reno, Boise, and Tonopah are surrounded by broken ranges and spurs, which 
retard the flow of air from the north. Both Reno and Boise are especially weU 
protected by mountains and have good drainage. 

It appears from the above extracts that frequency of cold waves 
at Winnemucca and Modena, as compared with other points in the 
Plateau region, is due to variation in topography (including air 
drainage) , and to proximity to storm tracks, aside from the effect of 
altitude. 

At the mountain stations in the East, where the night temperatures 
are comparatively low because of the altitude, the number of cold 
waves is much greater than at adjacent points in the low country, 
according to the figures at Elkins, Wytheville, Asheville, and Lynch- 
burg, as compared with Washington, Ealeigh, and Columbia. 

The figures in figure 66 show the number of cold-wave verifications 
for the 10-year period for the 24 hours ending at 8 a. m. only (sev- 
enty-fifth meridian time). Occasionally the required verifications 
have been noted at some other hour, but these are not included on the 
chart. Moreover, these excepted are not important as a rule. The 
figures suffice to show the relative frequency of cold waves in various 
portions of the country, as the data are comparable. 

Movement of cold waves from Canadian Northwest. — Oarriott 
says in Bulletin P, " Cold Waves and Frosts in the United States " : 

^The ordinary day to day nonperiodic changes of temperatare at Winnemucca are 
frequent and pronounced, due doubtless to local topograpby and intense nocturnal radia- 
tion as suggested. — Editor. 
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Bast of the Rocky Monntaina the principal track of the American winter 
LOWS lies south of the fiftieth parallel of latitude, and the mechanical action 
of energetic lows that follow this track disturbs the North American cold belt 
and draws southward, and probably downward in their wake, masses of cold 
air that constitute the cold waves of the United States. 

The supposition has been advanced that the North American cold belt may 
be reinforced by air masses that advance via the Arctic Ocean from Siberia; 
a more probable supposition, however, is that the cold of the northern interior 
of the American Continent is due to air that flows over that region from the 
northern Rocky Mountain ranges, where its moisture has been precipitated. 
The result of a loss of moisture in the passage of the mountains leaves this 
air (dear and dry» and promotes the process of heat radiation that continues 
during the passage of the air over the Canadian Northwest It seems, there- 
fore, that slow or stagnant conditions of the atmocfphere over the Canadian 
Northwest are favorable to one of the conditions (that are represented by 
accumulations of great air masses or areas of high barometer of great mag- 
nitude) that produce cold waves in .the United States. The other necessary 
condition is the passage or the development of an area of low barometric pres- 
sure along or near the southern margin of the cold-air mass or belt, within the 
western quadrants of which the cyclonic circulation will produce powerful air 
currents from the north. 

It is doubtless true that many cold waves are developed in the 
Canadian Northwest east of the Bockies through rapid radiation of 
heat over a snow-covered surface during the long winter nights. 
Many instances have been observed of this development in Saskatche- 
wan and Alberta, and occasionally even within portions of the United 
States lying immediately to the south, when snow lay on the ground. 

Once the conditions of cold have been establii^ed all that is 
necessary to insure a transfer of it southward and eastward is the 
development of a i/>w in those directions. This will produce a drain- 
age of cold air from the north, with accompanying north to north- 
west winds. Brandenburg says: ^^the greater number of cold waves 
occurs where the greater number of liows occurs," and we find this 
to be a fact, as the lows move eastward across the northern frontier 
most frequently where cold waves are the most prevalent. The actual 
cold is generally transferred by the strong winds due to the baro- 
metric gradient prevailing between the liow imd the high, but the 
intensity usually gradually diminishes as the wave advances, because 
it passes over regions having a higher temperature. Local radiation 
is important, and in the elevated sections of the Plateau region it 
is the principal factor. Comparatively low temperatures sometimes 
occur in that section in a high which has moved in from the Pacific 
coast following a low, but rarely do they reach the proportions of 
a cold wave, imless the high is reinforced by another high moving 
southward from British Columbia.^ 

In a winter marked by severe cold the lows generally take the 
southerly course and are followed in turn by well-defined highs from 

^ See the discussion on reinforced hzohs^ p. 181. — ^Editor. 
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the northwest, while in warm winters there is a succession of lows 
moving eastward over the northern frontier, and the highs in the 
rear instead of coining from the British Northwest approach from 
the middle Bockies or at least no farther north than the fnmtier. 

Varums types of cold waves. — ^Having touched upon the general 
causes of cold waves and their relative frequencgr in various portions 
of the United States, and the reasons for the great variation, it 
will now be proper to study the type maps, each of which presents 
specia} conditions. There is a similarity between some of these 
types and yet often a slight apparent difference is responsiUe for a 
cold wave moving to one side or the other of its usual track. 

A rise in pressure in the northwest and a fall to the south or 
southeast are indications of the approach of lower temperatures, 
and where the pressure changes are decided marked changes in 
temperature will ensue, although as yet no cold weather may have 
appeared in the northwest. 

When a high is present over the South Atlantic States, the move- 
ment of cold waves eastward is generally retarded and the cold 
seldom seriously affects the Atlantic States, even those in the north. 
(Jan. 12-14, 1911; Jan. 26, 1911; Jan. 6-7, 1913; Mar. 26-27, 1914.) 

If the barometer is low over the South Atlantic States, the odd 
wave is invariably far-reaching and low temperatures and frost en- 
sue usually as far south as Florida. 

The cold wave which affects most seriously the IGddle West is one 
which is preceded by a crescent-shaped low reaching fnMn Ifinne- 
sota or Lake Superior southwestward to the middle Bockies, the high 
at the same time being centered over the northern Bockies. The 
southwest end of the trough is forced eastward by the high, as the 
latter advances, and the cold rapidly pushes down from the north- 
west. (Nov. 11, 1911; Jan. 5-8, 1918; Jan. 10-12, 1918; Feb. 1-3, 
1907; Dec 81, 1910-Jan. 1, 1911. See maps of Nov. 10, 11, 1911, re- 
produced as figs. 67 and 68 to illustrate this type.) 

A type of continued cold is that in which there is a redevelopment 
of a high over the northern Bocky Mountain region with falling 
temperature, the principal low being centered over the eastern Lake 
region or North Atlantic States and a secondary depression over 
the central or southern Bocky Moimtain region. These conditicms 
present practically the same possibilities as the crescent-shaped ix>w 
mentioned above, except that in this instance the initial temp^atures 
in the Plains States are likely to be low, and the exchange of heat is 
then less than that which prevails in front of a cresoent-diaped 
trough. (Jan. 4-5, 1912.) 

The southwesterly trend of a trough, no matter where situate^ is 
best adapted for inducing a flow of cold air from the Northwest, 
because in that case the cold in the Northwest moves directly south 
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and southeast. As a general proposition it may be stated that the 
farther a trough extends southwesterly or westerly, the more sweep- 
ing will be the cold wave. Where there is no appreciable trough but 
merely circular isobars to the southward of the low center, as is 
occasionally noted when ihe u)W moves eastward over the northern 
Lake region, the effect of the cold wave is not felt southward to any 
great extent Maps of Marcll 5-6, 1913, to illustrate this type are 
reproduced as figures 69 and 70. 

When a liow is centered over Minnesota or eastern Manitoba, with 
the isobars in its rear as far back as Saskatchewan, turned to the 
northeast and crowded close together and accompanying strong wind 
velocities, a cold wave will immediately follow and a high will cover 
the Dakotas and Minnesota in the ensuing 12 to 24 hours. (Feb. &-4, 
1906 ; Dec. 10-11, 1910; Jan. 80, 1913.) Maps of February 8-4, 1906, 
illustrate this type. (See figs. 71 and 72.) 

When a high with severe cold prevails in the Canadian North- 
west and the isobars run in an east-west or northeast-southwest direc- 
tion south of the center of the high, the wind direction is usually 
northeast or east in the northern portions of Montana and North 
Dakota, and while the cold may draw southward over some of the 
frontier States, the cold wave will not become general, but will 
remain in the north until a low moves in from the Pacific over the 
middle Bockies, after which the northwest high may swing around 
and take a southeasterly course. (Feb. 4-7, 1914; Mar. 19-21, 1912; 
Mar. 20-Apr. 2, 1908.) If the cold in the northwest is severe, how- 
ever, and there is a pressure fall in the central valleys, the wave will 
move southward and be more or less general. (Dec. 24, 1914.) 

In case the low is in the southwest and the high in the northwest, 
and no portion of the liow breaks off and moves east of the Missis- 
sippi, the high does not advance southward materially, but rather 
moves eastward over the northern frontier with northeast winds 
blowing out of it and often with moderate temperature, the cold not 
being felt except in the frontier sections. (Feb. 25-26, 1907; Jan. 
29-81, 1907.) 

Wh^i a cold-wave high is present in the British Northwest and 
there is a general low-pressure system covering the Pacific coast 
region, reaching in over the middle Eockies, the high does not move 
southward, but the winds blow out of it in a northeasterly direction 
toward the low-pressure system. (Mar. 26-27, 1914; Jan. 20-21, 
1918; Jan. 1^18, 1907.) Maps of January 12-13, 1907, are repro- 
duced as figures 73 and 74, to illustrate this type. 

When a cold-wave high is advancing from the northwest and the 
greatest 12-hour rise in pressure appears over the Lake Superior 
region, the center of the high will usually move to that point and 
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cause northeasterly winds over the upper Lake region and upper 
Mississippi Valley and will not cause a cold wave in the southern 
portions of these sections. (Mar. 26, 1914; Jan. 11, 1911; Jan. 15, 
1909; Feb. 4, 1906; Mar. 24, 1908.) 

If the movement of the high and the low is such as to cause the 
wind to shift to the north and northeast, the cold wave will not be 
general. Sometimes, with high pressure in the north and a low in 
the southwest, there is doubt as to the movements of these areas. If 
the LOW advances in an easterly direction more rapidly than the 
HIGH, a cold wave will ensue, but if the high advances more rapidly 
than the low, northeast and north winds will prevail, and there will 
not be any decided fall in temperature. 

In order to bring a cold wave to any point the distribution of 
pressure must be such as to cause the winds to blow from a north or 
west direction, and preferably from the northwest. Some cold waves, 
however, approach from a west to southwest direction in the Middle 
West when the low moves almost due north and the high following 
passes southeastward. (Dec. 4-6, 1909 ; Nov. 80-Dec. 1, 1908.) Maps 
of December 5-6, 1909, are reproduced as figures 75 and 76, to illus- 
trate the type. 

Begardless of how severe the cold is in the northwest, it can not 
advance to any extent unless there is fairly steep barometric 
gradient in its front, with accompanying strong winds. (Dec. 4, 
1908; Jan. 8, 1907; Jan. 14, 1907.) 

When a low in front of a cold wave is deepening, severe cold en-, 
sues because of the increasing winds and consequent stronger inflow 
of the cold; when the low is losing intensity and is filling up, the 
cold following is modified decidedly. 

A slow-moving low is seldom followed by severe cold, regardless 
of where the low is situated, as the movement of a cold wave is 
usually rapid. If the cold wave is retarded, it is likely to lose its 
intensity and be followed in the northwest by a low before any great 
falls in temperature have occurred outside of the more northern dis- 
tricts. (Jan. 21-28, 1896; Feb. 8-10, 1909; Feb. 14r-17, 1909; Jan. 
20-28, 1906.) 

For a cold wave to sweep the mountain States of Wycmiing and 
Colorado, the center of the high to the north must be no farther east 
than the Rocky Mountain Divide, and a low must lie over the moun- 
tains to the south, with its axis in an east-west or northeast-south- 
west direction. (Feb. 28-29, 1912; Jan. 4-6, 1918; Jan. 1, 1910; Dec. 
81, 1910.) Maps of January 4-8, 1918, are reproduced as figures 
77-81, to illustrate this type. 

When a cold wave is preceded by a low, in which heavy rains are 
falling, especially when the disturbance is central over the middle or 
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lower Mississippi Valley, the cold wave is not likely to be general 
and its movement is usually retarded. Generally in this case an 
eztensiye and slow-moving high is present in the east in front of the 
LOW and serves to retard the easterly movement of conditions farther 
west (Feb. 26-27, 1918; Mar. 24-26, 1918; Jan. 6, 7, and 8, 1918; 
see figs. 79, 80, and 81.) 

iWhen a cold-wave high, located west of the nortiiem Boddes, 
moves southward over the Pacific coast districts, its force is seldom 
severe on the east side of the Rockies, unless there is a development 
of a LOW in the east to draw the cold down over the Plains States, 
as in the maps of February 12-18, 1905. (Jan. 4-6, 1910 ; Feb. 12-18, 
1905 ; Dec 17-19, 1908 ; Dec 81, 1905-Jan. 4^ 1906.) Maps of Decem- 
ber 18-19, 1908, are reproduced as figures No& 82 and 88 to illustrate 
types where severe cold advances south over the Padfic coast region 
and sections east of the Bockies. 

If a northwest cold wave is followed immediately by a well-marked 
LOW directly to the west, the cold-wave conditions are not usually 
evident west of the Missouri Valley, that section by the following 
morning being under the influence of the western low. (Jan. 23-24, 
1906; Feb. 24-25, 1906.) 

When a high of considerable magnitude covers the western plateau 
region, there is little opportunity for a general cold wave to over- 
spread the Plains States and central valleys. If a cold wave under 
such circumstances does appear in Alberta, a tongue of low pressure 
extends in a southeasterly direction from the northern Bockies 
between the cold-wave high and the plateau high, so that the cold is 
not felt to any extent on the eastern Bocky Mountain slope. (Feb. 
1-2, 1906; Feb. 20-21, 1907; Jan. 21-22, 1907.) 

When a low in the west or northwest follows rapidly a cold wave, 
the temperature in the cold wave will ordinarily not fall to a low 
point, as the wind in the high is likely to shift quickly to the east, 
southeast, or south. 

Aside from the modifying influence of latitude, a cold wave usually 
loses some of its intensity with gradually diminishing barometric 
gradient in its front, as the wave advances, largely because the low 
in front of a cold wave ordinarily moves much faster than the high 
and the low moves to the northeast or east while the high moves 
generally southeasterly. It is because of these modifying conditions 
that cold waves which may be severe in the Middle West are seldom 
felt intensely in the Atlantic States unless the pressure has been low 
on the southern coast. The barometric gradient, however, always 
increases, either when the low deepens, as stated previously, or 
because of increasing pressure in the high, and such conditions insure 
very low temperatures within the path of the cold wave. 
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The conditions which sometimes cause the most severe cold waves 
in New England and the northern portion of the Middle Atlantic 
States are those which move southeastward from the Huds<Hi Bay 
region, usually reaching southward over northern Lake Superior at 
the same time that a low is present off tiie north Atlantic coast 
(Feb. 5-6, 1906; Jan. 12-14, 1914; Jan. 4-6, 1904; Feb. a.9, 1908; 
Feb. 22-23, 1907.) Maps of January 18-14, 1914, are reproduced as 
figures 84 and 85, to illustrate this type. 

When the cold in the nortiiwest is acccHnpanied by a high of 80.7 
inches or more, the area usually moves directly down the eastern 
slope of the* Bockies in a direction between soutiieast and south, to 
Texas, and then eastward acrossthe Gulf region to the South Atlantic 
coast When the pressure is as high as 80.8 inches, regardless of 
other conditions, this movement is almost always noted. Sudi a 
HIGH scarcely ever moves eastward over the district north of Lake 
Superior as some other highs do, even though the greatest 12-hour 
pressure rise is found in that section. Following the movement of 
the HIGH southward, a marked rise in temperature immediately over- | i 

spreads the northwest These highs, of course, usually steacUly da- 
crease in magnitude, as they move southward, as stated previously. 
(Feb. 8-4, 1912; Jan. 14-15, 1905; Nov. 12-14, 1908; Dec 8-9, 1898; 
Dec. 26, 1894; Jan. 22, 1897; exception to above, Mar. 1-2, 1896.) 
Maps of November 12-14, 1908, are reproduced as figures 86, 87, and 
88, to illustrate this type. |HIj 

When the trend of tiie isobars over the Middle and Southern States 
is such as to promise northeasterly winds over the Florida peninsula, 
the same efFect is produced as over the Lake region with like condi- 
tions, and no pronounced cold in Florida ensues. It takes a north 
to northwest wind to bring the cold there. This type is so common 
that examples are not necessary, and it occurs when the high does 
not extend southward into the Gulf, but rather north of the Gulf 
coast, so that the high eventually passes eastward north of the H 

Florida peninsula. ^ 

When in a northwest cold wave there is snow and persistent cloudy ^ 

weather severe cold will not usually follow. The clearing up of the 3.i 

weather in the high itself, however, will cause still further falls in ^ 

temperature there, sometimes reaching the proportions of a cold b 

wave, although no marked barometric gradient is evident. This is ! 

especially noticeable when there is snow on the ground. (Feb. 10-11, k 

1913; Feb. 18-14,1918.) 

When the center of a high is as far east as Manitoba, it usually 
does not move down over the States lying to the south, but rather 
across the northern Lakes. (Jan. 20-21, 1912; Jan. 11, 1911; Jan. 
14-16, 1909; Jan. 2&-29, 1908; Feb. 6-8, 1908; Mar. &-«, 1907.) 
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There are marked exceptions to this case. When there is a deep low 
over the middle Western States, reaching back to the Rockies, and 
the cold wave in the northwest is severe and the pressure excessive, 
the HIGH will extend back westward and swing southward over the 
eastern slope of the Rockies. (Feb. 22-28, 1914; Feb. 14-17, 1910; 
Feb. 9-18, 1905.) Sometimes under these conditions the low is 
divided by the southerly movement of the high, one depression being 
east of the Mississippi and the other in the middle or southern Rocky 
Mountain region. (Feb. 25-26, 1913; Mar. 20-22, 1913; Dec. 29-31, 
1911.) If the gradient diminishes between the high and the eastern 
LOW, the HIGH will not move due eastward but will gradually settle 
toward the southeast and south and not cause severe cold weather in 
eastern sections. (Feb. 26-26, 1918; Feb. 14-17, 1910; Dec. 29-81, 
1911.) 

If the HIGH advances from the northwest, dividing a single de- 
pression in two, and causing a weU-marked cold wave as far south as 
Nebraska, the cold wave may then be expected to swing eastward 
over the Mississippi Valley and the Lake region, provided there is 
sufficient gradient between the high and the low. (Mar. 20-21, 1913 ; 
Jan. 1-4, 1910 ; Jan. 5-7, 1909 ; Jan. 14-16, 1907.) But when the cold 
does not reach as far south as Nebraska, only the northern portion 
of the Lake region will be affected to any extent in the movement 
of the HIGH. 

When a cold wave, even though very severe, is centered in the 
Canadian Northwest, and at the same time the barometer is low and 
the temperature high over an unusually large area to the southward 
and eastward, without definite storm development, the effect of the 
cold wave is usually not felt to any marked extent in any of the 
Northwestern States. The cold wave loses its intenaty and often 
is completely broken up when opposed by a very wide area of high 
temperature. (Feb. 8-9, 1909; Feb. 28, 1907; Mar. 24-26, 1914; Feb. 
12-17, 1909; Jan. 27, 1914; Dec 4, 1908.) Maps of February 8^, 
1909, are reproduced as figures 89 and 90, to illustrate this type. 

If a plateau high begins to disintegrate and the pressure falls 
there, with the ba^meter steadily riidng at Edmonton and with 
falling temperature, a cold wave high will be found in Alberta 
within the next 24 hours that is likely to sweep the Middle West 
(Dec 29-SO, 1908; Jan. 23-24, 1907; Jan. 28-29, 1914.) 

Frequently in winter a high in the form of a ridge, with its center 
over Alberta and a cold wave general throughout the north Central 
States, reaches southeast over the eastern slope of the Rockies to 
Texas. At the same time there is one low over the east or east 
Central States anid another on the Pacific coast. This high does not 
move east but frequently will remain for days in the same position, 
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sometimes even pushing farther west and redeveloping. With its 
high pressure and low temperature it blocks the Pacific low until the 
latter is dissipated or pushed out into the Padfic. Under these ooa- 
ditions the winds will be continuously from a westerly direction over 
the north Central States with fair weather. After the temperature 
has fallen in the central valleys and the Lake region, it remains cold 
or moderately so until the high advances or is broken up. (Feb. 8--8, 
1913 ; Feb. 9-15, 1907.) Maps of February 8-6, 1918, are reproduced 
as figures 91^ 92, 98, and 94, to illustrate the beginning of a series of 
LOWS and highs of this type.^ 

Sometimes a ridge of high pressure will block a low that is 
centered directly west of the Rockies and finally force it back to the 
Pacific coast. Li this case as well as in the one immediately preced- 
ing, the HIGH will finally move down to the Gulf region. (Feb. 20-23, 
1911.) 

Frequently in winter a low will develop over Manitoba and move 
directly southeast over the Lake region, followed by a well-marked 
cold wave sweeping the upper Mississippi Valley and the greater 
portion of the Lake region. These conditions will move rapidly and 
will be attended by precipitation of short duration. (S^ figs. 95 
and 96 as illustrating this type; also Mar. 4r-6, 1918; JaiL-81-Feb. 2, 
1912; Dec. 6-8, 1912.) 

Special conditions affecting the movement of cold wcBves* — ^The 
movement of cold- wave conditions is often checked by other con- 
ditions 2,000 or 8,000 miles to the eastward, generally in the shape 
of an immense high over the Atlantic Ocean or the Atlantic Coast 
States, which for some reason is held stationary and blocks for a 
time the movement of all barometric formations in this country. 

As stated before, a cold wave of the most sweeping character from 
the Rocky Mountains eastward ensues when the high is centered 
over the northern Bocky Mountain region and a trough of low 
barometer extends in crescent shape from the Great Lakes south- 
west to and beyond the middle Eockiea Sometimes the western 
end of this trough is forced rapidly southeastward and the northern 
end temporarily remains stationary, the trough, as a consequence, 
extending from north to south and moving eastward in that form. 
At other times the western end of the trough is forced directly south- 
ward over Texas ; in such cases the cold wave sweeps the entire State 
to the Gulf and oversfpreads the central and eastern portions of 
the country. The cold-wave high then is usually of great mag- 
nitude, but with gradually diminishing size as it advances south- 
ward. After reaching the west Gulf coast it moves eastward to the 
South Atlantic coast, following a well-marked depression in its 

1 See also Chap V. p. 120, where practically the same type is dlscassed*— Bdltor. 
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front. A similar distributdon of pressure ensues, without the so- 
called crescent-shaped trough as a factor, with a low over the North- 
centnd States and another in the southwest, which deepens and 
finally becomes the chief disturbance, drawing the high frcnn the 
north, as the low itself advances eastward and joins the nor&ein 
LOW by means of a trough. (Dec. 12-14, 1915.) 

Another type which brings cold waves to the States lying between 
the lower Mississippi Biver and the Bocky Mountains occurs when 
a cold wave is present in the Northwest and a north-Pacific low 
moves southeastward across the middle Bockies to the Texas pan- 
handle. The disturbance then recurves northeastward and finally 
passes down the St Lawrence Valley. (Jan. 1-S« 1911; Feb. 6-7, 
1914.) 

Usually the great^ the pressure in the high, other conditions being 
equal, the lower the temperature will fall and the slower will be its 
recovery. At times, especially in the spring when cold-wave condi- 
ticms prevail in North Dakota and western Minnesota with a high 
not much above normal (80 inches), the cold will be quickly broken 
up and will not be felt to any extent farther east 

While cold waves generally come from the Canadian Northwest^ 
they occasionally develop within the limits of the northwestern por^ 
tion of the United States east of the Bocky Mountains, but only in 
midwinter when the ground is covered with snow. 

The more southerly the movement of a high the greater the area 
that will be covered by the cold; highs moving eastward with their 
centers over the northern frontier do not usually cause cold waves 
much south of that line. As a general proposition it may be stated 
that a cold-wave high moves southeastward, and this is almost in- 
variably the case when the trough of low pressure in front extends 
in a north-south direction. When the trough extends westward or 
southwestward, the high in the northwest usually pushes directly 
southward, but it is because of the usual southeasterly movement 
of a HIGH that districts lying to the south of a cold wave often escape 
entirely. Sometimes the eastern slope of the Bockies and the sections 
lying to the west only may escape, while at other times this area may 
reach almost to the Missouri Biver. The movement of the high is 
influenced in this case, as in others, by the distribution of pressure in 
the west. 

. Whenever, in the progress of a cold wave over the middle Western 
States the temperature in its front rises to an abnormally high point, 
although, the fall in temperature may be very pronounced in the 
northwest, the minimum does not reach as low a point ft any particu- 
lar place farther east as it would had the temperature not been so 
high. For instance, if the temperature at Chicago in fnmt of a cold 
wave is 50° or more before it begins to fall, it will not go nearly so 



Digitized by 



Google 



164 WEATHEE FOBECASTING IN THE UNITED STATES. 

low as if the initial temperature had been no higher than freezing 
(82^). This is because in the exchange which takes place between the 
air of the cold wave and that whidi it displaces tiie higher the tem- 
perature of the latter the greater will be tiie amount of heat 0(»n- 
municated to the cold wave ; and also because the cold wave is mov- 
ing across a region that has been warm. The departures from the 
normal temperature in the various sections that are to be affected 
must be taken into consideration. 

When the humidity is high over an area in advance of a cold wave, 
the fall in temperature will be retarded and the ensuing minima 
modified decidedly because of the fact that radiation or loss of heat 
through hiunid air is slow, as compared with the radiation of heat 
through dry air. 

When a cold waVe threatens any point, a d^dy sky whidi pre- 
vents tiie temperature fr(mi rising during the day is much more 
favorable for the verification than when the day is clear, because in 
that case, the journey to the verifying point will not be so long as if 
a comparatively high maximum were reached. 

So also are the chances for verification much better if the ensuing 
night is dear so that radiation may be free. A cdd-wave warning 
will ordinarily fail of verification unless the night is clear. 

The time of day when a cold wave strikes any particular secticm 
is important in connection with the verification. If the crest of the 
wave does not reach the place until after the usual time of minimum 
temperature, after 7 a. m. for instance, the warning is not so likdy 
to be verified as if the crest arrived earlier, because of the diurnal 
rise in temperature. A verification is much more likely at 8 a. m. 
than at 8 p. m. because the normal p. m. temperatures are about 9° 
higher in the wintertime. These facts, of course, are not important 
when the anticipated cold is severe. 

During impending cold-wave conditions, when tiie banmieter rises 
rapidly at any particular place that is threatened, without a rela- 
tivdy rapid fall in temperature, the prospects of verification are 
poor. With each rise of a tenth of an inch in pressure there must be 
a fall in temperature of 8^ or 4^ in order that the required fall may 
occur in 24 hours. Otherwise the highest point in pressure will soon 
be reached with the temperature still far above the point required to 
verify. 

Where there is a difference of 1 inch in gradient between the 
northwest high and the eastern low the cold is likely to be severe, 
the wind in that case being sufficiently strong to transport the cold 
fnMn the northwest Bougfaly, at least 0.50 inch should be the dif- 
ference in pressure between North Dakota and Lake Michigan and 
another half an inch between Lake Michigan and New England. 
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A cold wave seldom lasts longer than two or three days, except m 
the northwestern part of the country east of the Bockies; any cold 
wave that occurs after the middle of February, when the sun is 
becoming higher and higher and the nights markedly shorter, is 
almost always of short duration. The great frequency of cold waves 
in the North as compared with those in the South is partly because 
the winter nights are so much longer there than in the South. The 
winter night averages about an hour longer at Chicago and nearly 
two hours longer at Winnipeg than at New Orleans. 

After the middle of February it is more difScult to secure a veri- 
fication of a cold- wave warning, as the day temperatures in the high 
are becoming higher and higher. As the season advances this fact 
becomes one of the greatest importance. In considering the matter 
of cold waves we have to estimate how much the temperature in the 
HiOH will rise during the day as it advances farther and farther 
eastward. 

ChcarU used m forecaatinff cold waves. — ^The ^^A'' chart and the 
pressure-change chart are those upon which the forecaster must de- 
pend in forecasting cold waves. If the pressure in a cold high in 
the Northwest continues to rise, the cold will intensify. 

The direction of movement of highs and lows is indicated by the 
pressure changes, and the movement of cold waves is especially indi- 
cated by the 12-hour changes. Frequently the greatest 12-hour rise 
in pressure, as shown by the barometer-change chart, indicates the 
point to which the center of the high will move within the next 12 
hours, although less frequently the greatest faU in pressure in 12 
hours indicates the future position of the low. This rule is not 
infallible and there are marired exceptions to it When there is a 
very deep low moving across the country, it is usually followed by 
a rapid rise in pressure, and in that case the center of the rise does 
not indicate that the high will move to that point, the place of pre- 
vious lowest pressure often merely filling up. 

A cold wave will usually occur only in the districts to the south or 
southeast of the point of greatest 12-hour rise in pressure and ordi- 
narily east of the 12-hour no-change line on the pressure map, the 
area covered varying with the rate of progress of the high and the 
LOW. There is an exception to this rule which is often noted in the 
Northwest and especially in the Dakotas and eastern Montana in 
that the redevelopment ^ of a high or the clearing up of cloudy con- 
ditions will often result in a cold wave, as stated previously. 

A rise in pressure of 0.50 inch in Alberta in 12 hours following 
a northwest low is usually an indication of a development of a cold 
wave in the Northwest regardless of other conditions. 

1 See alio the difcnsslon of reinforced hiohb. Chap. V. — Editor. 
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With the barometer falling in front of a cold wave and the great- 
est fall well to the south, whether in central or eastern sections, the 
ensuing cold is sure to be pronounced and general. 

The pressure change chart is of the highest importance in forecast- 
ing cold waves, and it must be studied carefully. The chart will 
often show impending falls in temperature, not apparent upon the 
weather map, commonly called the ^^A" chart. Should the tempera- 
ture be low in the northwest, there is need of giving especial atten- 
tion to the changes, both 2-hour and 12-hourj on the pressure chart. 
Whether the pressure changes be large or small, the chart will usually 
indicate the probable distribution of pressure 12 and 24 hours later, 
and the resulting temperature dianges. 

The next chart of importance in forecasting cold waves is the 
normal temperature chart or a chart showing the departures of the 
current temperature from the normal for that day. When the tem- 
perature, falling to a point only slightly below the normal will verify 
a warning, the chances of verification, aside from other conditions, 
are favorable. When the t^nperature is already below the normal, 
verification is not obtained except as a result of severe conditions. 
It should be realized that the midwinter normal minima in Mani- 
toba and Saskatchewan are from — 2^ to — ^9^ below zero F., and in 
Alberta, from 3^ to 9^ above. A high must therefore have tempera- 
tures lower than these during that period in order to insure a cold 
wave in any particular part of the United States. Of course, if 
the temperature is far below the normal in the northwest high, the 
prospects of severe cold in its advance are good. However, sdme 
cold waves upon their first appearance in the British Northwest are 
not accompanied by extremely low temperatures, but when condi- 
tions are active — ^rapidly rising pressure in the Northwest and fall- 
ing to the Southeast — the temperature will continue to fall until 
severe cold has finally developed. 

The temperature-change chart must be used with caution, and we 
must be certain that from the 24-hour changes in temperature we can 
properly interpret current conditions. The 12-hour changes in tem- 
perature with allowance made for the difference in the normal read- 
ings in that period are much more valuable. If, however, there is a 
24-hour fall of from, 20° to 40° in the British Northwest, it is ordi- 
narily probable that a similar change will be felt immediately to the 
south and east, but we must in all cases allow for temporary changes 
in temperature that may have intervened during the last 24 hours. 
Sometimes a great fall is noted in the Northwest, but pressure con- 
ditions in the meantime may have so changed as to prevent the 
transfer of the cold to other sections. The temperature-change map 
can be satisfactorily used only as supplementary to the "A" chart 
and the pressure-change chart. 
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In the foregoing paragraphs the various types of cold waves and 
the conditions which affect their development and movem^t have 
been discussed. It is obvious that the degree of cold recorded in a 
cold wave depends upon the intensity of the cold in the high and the 
temperature in the low in front of the high, the magnitude of the 
HIGH, the barometric gradient between the high and the low and 
the consequent wind force, the direction of movement of the high 
and also the liow or lows which it is following, the general character 
of the sky, the humidity, whether there is snow on the ground, and 
the season of the year; in a word, all the atmospheric conditions, 
sometimes even within an area of 8,000 or 4,000 miles or more. 

Following are statements from the various district forecasters con- 
taining their special reports regarding the forecasting of cold waves 
in their districts. 
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CHAPTER VI — Continuedi — Accompanying papers. 

COLD WAVES IN NEW ENGLAND. 

By John W. Smith» District Forecaster. 

Cold waves in New England are of two fairly distinct types. The 
more common one accompanies an area of high pressure that has its 
incepticm in the British Northwest or its vicinity, progresses regu- 
larly eastward over the northern border States and the southern sec- 
tions of Canada to the north Atlantic coast When the high is pro- 
nounced and of considerable intensity, the cold wave can be antici- 
pated, at times, several days in advance of its arrival in New 
England. As a rule, the cold wave is of greater intensity when the 
HIGH is preceded by a low that moves southeasterly over New Eng- 
land, or by diminishing pressure along the southern coast of New 
England. This type of cold wave is well illustrated in the series of 
weather maps from January 12 to 14, inclusive, 1914. (See figs. 
84-«5.) 

The second type is of less frequent occurrence, but at times the 
cold is of great intensity. It sometimes comes with little premoni- 
tion, can be forecast but a short time in advance of its arrival, and 
occasionally it arrives before warnings can be issued. These cold 
waves accompany highs that, apparently, rapidly move southeast- 
ward from the Hudson Bay region, or that develop quickly in 
southeastern Canada in c<mnection with diminishing pressure in the 
Ohio Valley and thence eastward. The high moves eastward over 
New England witii attending low temperatures. This tjrpe of cold 
wave is well shown in weatiier maps of February 9 to 14, 1914. The 
low temperature in Boston during this cold wave equaled the record 
of February dnce the establishing of the station in 1870. Sometimes 
the first intimation of cold waves of this class is a moderate to strong 
northerly wind at White Kiver, or Cochrane, Ontario, that can not 
be accounted for by the pressure gradient to the southward of these 
stations, the wind force being due to the high to the northward, out- 
side of the field of observation. Failure to announce cold waves in 
the forecasts and warnings, if any, generally occurs with conditions 
under which the latter class is produced. 
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COLD WAVES IN WEST GULF DISTRICT. 

By L Bi. OLini»' District Forecaster. 

The direction of moyement of the lows which precede the hiqhs 
and cold waves in the different months is a factor which must be 
carefully studied by the forecaster because many of the lows which 
precede the occurrence of cold waves in the west Gulf district move 
southward into central Texas, then recurve sharply to the northeast, 
their centers passing over or east of southern Arkansas, or still far- 
ther eastward. Very few cold waves occur at Little Bock, and Fort 
Smith, Ark., as compared witii the number of cold waves which 
occur at Bentonville, Ark., Oklahoma, Okla., and Abilene, and Pales- 
tine, Tex., and l^ireveport, La. The number of cold waves that oc- 
cur at Bentonville, Ark., and Oklah<»na, Okla., is three times greater 
than the number that occur at Fort Smith and four times greater 
than the number that occur at Little Kock, Ark. 

During the recurve of lows in Texas, Arkansas is immediate in 
front of, or in the eastern segment of the low; after the recurve and 
during the movement of the low toward the northeast Arkansas is 
in the segment to the northwestward of the path of progressimi of 
the center. This movement gives a slow fall in temperature over the 
State, except the extreme northwestern portion, frequently extending 
over 48 hours so that the required fall in temperature does not occur 
within the prescribed time even though the verifying temperature is 
reached. The exceptions to this rule are few and occur when the 
cold wave is exceptionally intense or the recurve and movement of 
the LOW toward the northeast is very rapid. Cold waves occur at 
Little Bock and Fort Smith most fr^uently when the center of the 
LOW preceding the cold wave moves eastward through or immediately 
to the north of Oklahoma and Arkansas. The number of cold waves 
which occurs at Little Bock and Fort Smith is about equal in the 
colder months except February, when the number that occurs at Fort 
Smith is nearly double the number that occurs at Little Bock. This 
is probably due to the fact that lows in February which are followed 
by cold waves in this district move farther south into Texas before 
recurving to the northeast and the paths of the centers of such lows 
are farther to the south than in other months. 

If the LOW does not recurve before it reaches the Gulf coast the 
cold wave will usually extend to the coast line. The location of the 
center of the low at tiie time of recurving and the direction of move- 
ment after recurving determines the stations in this district at which 
cold waves will occur. 

Cold waves move southward over the north-central pwtion of this 
district with great rapidity. Cold waves frequently occur at Abilene, 
Tex., within 12 hours after they reach Bentonville and Oklahcmia. 
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They reach Little Bock, Ark. ; Shreveport, La., and Galveston, Tex., 
18 to 24 hours after they reach Oklahoma, and they reach New 
Orleans about 12 to 24 hours later than they occur at Galveston and 
Shreveport 

Cold waves occur at El Paso, Tex., about once a year on an average. 
Cold-wave warnings for that statiim should be issued with caution, 
unless the crest of the hioh is well to the northwestward, over the 
Bocky Mountain-Plateau region. 

GOLD WAVES IN DENVER FORECAST DISTRICT. 

By F. H. B&ANDENBUBO, District Forcaster. 

In the Denver forecast district, as in other parts of the United 
States, cold waves occur principally in December, January, and Feb- 
ruary, occasionally in November and March, and rarely in October 
and April, and then only in Utah and Colorado. 

It will, of course, be understood that the highs are of considerable 
magnitude and intensity and attended by abnormally low tempera- 
tures; that the u>ws are deep depressions and attended by normal 
temperatures or temperatures above the normaL 

A cold wave may be expected in eastern Colorado when th&e is a 
ix>w or one forming on the middle eastern or southeastern Bocky 
Mountain slope, and anticyclonic conditions are advancing from the 
northwest or north (Jan. 9, p. m., 1909) ; when there is a low in 
New Mexico, southwestern Colorado, or northern Arizona, and the 
front of the i/>w has crossed the Continental Divide, and anticyclonic 
conditions with abnormally low temperatures prevail on the north- 
eastern Rocky Mountain slope. 

In western Colorado cold waves are relatively infrequent. A cold 
wave is to be expected when there is a i/>w in the vidniiy moving 
east or southeastward, and a high is advancing from the northwest, 
west, or southwest (Jan. 5-6, 1915); also when a trough of low 
pressulre extending from southwest to northeast, with steep gradients 
to the westward, crosses the State. 

A cold wave will usually overspread the entire State of Colorado 
when the axis of the low is east and west, extending to both sides of 
the Continental Divide in Colorado or New Mexico, and the axis of 
the HIGH in the north is also east and west or nearly so; also when 
there is reason to expect the axis of a liow in the middle Bocky Moun- 
tain region will change its direction in a few hours to an east and west 
direction at a time when anticyclonic conditi<»is prevail to the north- 
ward (Jan. 24^-26, 1902). 

In Utah a cold wave may be expected following the movement of 
the center of a low northeast, east, or soiitheastward across the State. 

In Arizona a cold wave may be expected when the center of a low 
moves northeast, east, or southeastward across the State. 
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A cold wave may be expected in eastern New Mexico when the 
center or the front of a liow has reached the eastern Bocky Moan- 
tain slope in New Mexico or Mexico, and high pressure overlies the 
region northward. 

A cold wave will overspread the entire State of New Mexico when 
the center of a low moves eastward across the State, and also when a 
LOW moves eastward through northern Mexico, and high preesore is 
moving from the west or northwest 

COLD WAVES IN NORTH PAaFIC DISTRICT. 

By Edwasd a. Beals, District Forecaster. 

During the late fall, winter, and early spring months any building 
up of pressure over British Columbia, Alberta, or western Montana, 
combined with a deepening of a low near the Oregon coast, requires 
careful attention from the forecaster, as it is the first intimation of a 
cold wave that possibly may sweep the North Pacific States. The 
extent of the area affected will depend upon the movement of the 

LOW. 

Frequently a mass of air over eastern British Ciolumbia and Al- 
berta, attended by very low temperatures, will be on the verge of 
draining into northern Idaho and eastern Washington, but air move- 
ment in this direction will be checked by a low over the Columbia 
Biver VaUey. It then seems as if a battle of nature's forces took 
place, with no indication as to which force would dominate. Often 
this condition will prevail for 24 to 48 hours, and sometimes longer, 
with no advantage to either side. During such periods the weather 
forecaster has many anxious moments, as he must be extremely 
careful, or he will issue an unnecessary cold-wave warning. 

The longer the two forces remain opposed to each other without 
either gaining the advantage the greater the prospect that the low 
will maintain its supremacy, and the cold air attending the high- 
pressure area will drift soutiieastward along the eastern dope of the 
Bocky Mountains, and none will drain into the North Pacific States. 

When the foregoing conditions prevail the best index the fore- 
caster has is the wind direction and velocity at the stations within 
the cold area and especially at those stations nearest to the northern 
boundary of Washington and the northern and eastern boundary 
of Idaho, L e., Kamloops, Calgary, Elalispell, Havre, and Helena. 
Should the air be quiet at those stations the conditions are favorable 
for no cold wave in this district, but should the wind be from the 
north or northeast and the movement greater than 8 or 10 miles an 
hour it is almost certain that a cold wave will occur. The only thing 
to be done is to call for frequent special observations and issue a 
warning for the northern sections as soon as assured that the air 
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movement has set in toward the district Owing to the difficulty of 
determining this question eastern Washington and northern Idaho 
ordinarily will not receive information so far in advance as will the 
southern portion of the district. 

After being assured that a cold wave will spread over the northern 
section, it is necessary to be extremely cautious in extending the 
warning to southern Idaho. This section is surrounded by moun- 
tains. Lows sometimes move from the Oregon coast to this locality 
and there remain stationary for several days. When this movement 
takes place southern Idaho may escape a cold wave, or if one occurs 
it will not be as severe a9 was expected. 

Cold waves in the Eastern States occur following the advance of a 
LOW attended by warm soutiierly winds, which warm area is later 
occupied by a high from the front of which blow cold north or 
northwest winds. Usually the high is to the northwest of the liow, 
the movement of the former being toward the southeast or east and 
of the latter either to the east, northeast, or southeast. 

Cold waves in the North Pacific States take place under similar 
conditions, so far as the movement of the high into the field formerly 
occupied by the liow is concerned, but there is this difference : In the 
North Pacific Coast States the low must have a movement toward 
the soutii or southeast, and the high, instead of being to the north- 
west of the LOW, is either north or northeast of it. With the high in 
the north or northeast and the low moving so as to permit cold air 
to flow into Washington and Idaho, it is believed the danger of a 
cold wave in the Northern States east of the Kocky Mountains from 
the same high is lessened, for the reason that the cold air within the 
HIGH is partly diverted into Washington and Idaho, and only that 
part left can flow into the States east of the Bocky Mountains, and 
this part can not cover as great an area as would have been the case 
if all the cold air found an outlet along the east slope of the Bocky 
Mountains. 

So far cold waves have been discussed on the theory that they 
are caused by a transference of cold air from one part of the country 
to another, but as a matter of fact cold air is often due entirely to 
nocturnal radiation; and sometimes in the North Pacific States a 
cold wave will occur locally from this cause. To predict this class of 
cold waves, the conditions governing the prediction of frost apply, 
and they can be followed by merely extending the limiting degree to 
a lower point on the scale of the thermometer. As stated in my 
paper on weather forecasting in the North Pacific district: "When 
cold air drains into the valleys in Oregon, Washington, and Idaho, 
the cold weather will last for several days," and a return to warmer 
weather should not be predicted until the district comes imder the 
influence of a low of sufficient energy to cause strong southerly winds. 
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The tjrpe shown on the a. m. weather maps of February 9, 10, and 
11, 1905, is nearly a perfect type of a cold wave in this district The 
conditions shown on the p. m. weather map of February 4 and the 
a. m. of February 5/ 1914, also are good types. 

COLD WAVES IN SOUTH PAaFIC DISTRICT. 

By G. H. Wnxsoif, District Forecaster. 

In forecasting cold waves and frost in this district it is necessary to 
first have a clear knowledge of the topography of the country and 
then make the forecasts conform to the natural divisions. Both 
temperature and precipitation are quite different east and west of the 
Sierra Nevada and north and south of the Siskiyou Mountains. This 
is plainly shown by the flora on the several sides of the above-men- 
tioned mountain ranges. Therefore, any discussion of weather fore- 
casting for this district must be by natural divisions. 

In the extreme northeast portion of California a part of the State 
lies east of the main range of the Sierra Nevada Mountains, with 
weather conditions similar to those in Nevada, where the temperature 
in winter often falls to zero or below and the changes are rapid and 
great. In the valleys and foothills of the remaining portion of the 
State, except along the immediate coast, the weather is subtropic in 
character. On the western slope of the Sierra the conditions vary 
from the citrus-fruit belt .of the foothills to the perpetual snow fields 
near the summit of the range. 

In the Sacramento and San Joaquin Valleys and foothill regions 
during the passage of a cold wave over the Plateau the air flows over 
the Sierra Nevada and Siskiyou Mountains into the valleys below, and 
is warmed dynamically in passing down the mountain slopes; conse- 
quently, unless the conditions are well marked, the temperature in 
these sections will not fall much, if any, below freezing. In the fruit 
region of southern California, the Sierra Madre and San Bernardino 
Mountains form a similar shield for that section. 

Cold waves occur in this district when highs with very low tem- 
perature extending well to the west of the main range of the Bocky 
Mountains, move southward over the Canadian Northwest, and 
there is a liow lying to the south or southwest over the Pacific 
coast or Plateau region. If the high is over Alberta and is accom- 
panied by temperatures below zero at Calgary, but not unusually 
low at Barkerville and Kamloops, the cold wave may extend into 
Nevada, provided the barometric gradient to the southwest is suf- 
ficient to allow the cold air to fiow in that direction. If the low lies 
to the east or southeast of the high the latter will generally move 
southeastward, giving a sharp fall in temperature over Nevada, but 



Digitized by 



Google 



WEATHER FOBBOASTING IN THE UNITED STATES. 175 

very seldom a cold wave, and temperature changes in California will 
not be marked. 

If a LOW overlies the Pacific coast when the high appears over 
British Columbia or Alberta, the situation is more complicated and 
the resulting weather is influenced by the conditions prevailing over 
the Rocky Mountain region and Plains State& A low in those 
sections will in most cases cause a movement of the high and accom- 
panying cold weather to the east or southeast, and give rain at the 
lower levels and snow in the mountains of this district, with a slight 
rise in temperature. If, on the other hand, the pressure is compara- 
tively high over the Eocky Mountain region and Plains States, the 
northern high will continue to move southward, causing sharp falls 
in temperature; and the development of a cold wave will depend 
upon the rapidity of the southerly movement of the high, the posi- 
tion and energy of the low, and the condition of the skies. A rapid 
movement of the high with clear skies will generally give a cold 
wave with high north to northeast winds and always a sharp fall in 
temperature. If the sky is covered with heavy clouds the tempera- 
ture fall will not be great, and instead of a cold wave there will 
generally be a cold, drizzling rain with snow flurries in the mountains. 

Highs moving in from the ocean are seldom accompanied by cold 
waves west of the Sierra Nevada Moimtains, unless reinforced by 
another high moving south over British Columbia or Alberta with 
sufficient gradient to the south or southeast to bring in the cold 
air from the northeast (Jan. 19-21, 1913). Occasionally highs when 
well marked and showing low temperatures as they approach the 
coast will cause a moderate cold wave over Nevada. One reason 
technical cold waves (temperature falls of 16® to a minimum of 32°) 
seldom occur in California is that while the temperature may fall 
16® or more, it seldom reaches 32® until the second or third day after 
the fall begins and then only by slow stages. 

It will be seen from the foregoing that the development of a cold 
wave in California is closely associated with and dependent upon 
conditions which give steep barometric gradients from the north and 
northeast, and are therefore accompanied by high north and north- 
east winds. 

While the above outlines in a general way the conditions preceding 
a cold wave in this district, it alone will not be of much value except 
as a broad basis for forecasting them. The writer relies almost en- 
tirely upon the pressure change chart, and especially the 12-hour 
changes, to indicate the conditions to be expected. Rapid pressure 
changes usually give corresponding changes in temperature and in- 
dicate the direction and extent of them. They point out the source 
from which the air is being drawn and, therefore, are an index of 
the temperature falls to be expected. 
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Following are some dates of cold- wave types for this district : 

December SI, 1906. — Ideal map for cold wave In Nevada and Inyo Ckmnty, CaL 
(Ind^>endence). 

January 12, i907.— Favorable for cold wave, bat did not verier* Tttnpera- 
ture fell 20* at Beno and 18** at Wlnnemucca, but did not reach a minimum 
of 10'. 

January 15, 1907. — ^Favorable for cold wave, but failed except at Ind^)end- 
ence. Temperature fell to zero at both Reno and Wlnnemucca, but the tsXi was 
only 14* and 16', respective. 

December 5, iPO^.-r-Favorable for cold wave and was verified at Beoo and 
Independence, but failed at Wlnnemucca and Tonopah. 

January 1, 1910. — ^Favorable for cold wave and was verified at Wlnnemucca 
and Independence, but failed at Reno and Tonopah. 

January 16, 1910. — ^Very unfavorable, but cold wave occurred at Wlnnemucca 
which appeared to be locaL 

January 1$, 1911. — ^Favorable for cold wave and verlfiidd at Wlnnemucca. 

December 28, iPil.— Favorable for cold wave and verified at Wlnnemucca and 
Independence. 

December 26, iPi5.— Not favorable, but cold wave occurred at Wlnnemucca 
which appeared to be local. 

December 20, 19U.—Vot fiivorable, but local cold wave occurred at Wlnne- 
mucca. 
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CHAPTER Vn. 
FROST WARNINGS. 

By Henbt J. Cox, Professor of Meteorology. 

[With eontribatlons by Dlstrlet Forecasters John W. Smith, Boston, Mass. ; Isaac M. Cline, 
New Orleans, La. ; Frederick H. Brandenbarg, Denper, Colo. ; Edward A. Beals, Port- 
land, Oreg. ; and George H. Willson, Ban Francisco, Cal.] 
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FOBMATION OF FROST. 

What is generally known in this country as frost is the moistnre of 
the air condensed at freezing temperature on plants or other objects 
near the surface of the earth, and it is often referred to as white 
frost or hoar frost, because of its color. It is to this phenomenon 
that the word ^^frost" applies in the work of the Weather Bureau. 
The term in many of the European countries, however, has refer- 
ence to freezing temperature only, and in England ^frost" and ^^the 
freezing point'^ are considered synonymous, such an expression as 
"4® of frost'' meaning "4® below the freezing point" The term "black 
frost," sometimes used in this country, has reference to temperatures 
sufficiently low to form ice and more nearly coincides with the mean- 
ing of the word ^^frost" in England. 

The subject of frost naturally follows the discussion of cold waves, 

as frost usually occurs within areas of high pressure such as bring 

cold waves. Frost, however, is of interest to forecasters during the 

crop season only, and its occurrence during winter in the United 

83e92*— 16 ^12 177 
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States is not of moment except in California and Florida, and other 
portions of the Gulf region, where plant growth is maintained dur- 
ing the entire year. It is in the spring and fall that possible damage 
from frost is important over the greater portion of this country, 
while in the States alcmg the northern frontier east of the Bockies, 
in the elevated sections of the country, and in bog lands, where vege- 
tation is dense and the air drainage poor, frost occurs even in the 
summer months. 

Just as dew is omdensed upcm the surfaces of plants or other 
objects at a temperature above freezing, so frost is condensed at 
freezing temperature; although it may form upon these surfaces 
when the temperature of the air is considerably above the freezing 
point The temperature of the surface of the object, however, must 
of course be as low as freezing. Plants on clear, cool nights, when 
radiation is active, lose heat much more rapidly than does the air, 
with a resulting lowering of the temperature. Both green vegeta- 
tion and a dark soil are excellent radiators; each, according to Hum- 
phreys, radiating about two-thirds as much as does an ideal black 
body at the same temperature. (October Monthly Weather Beview, 
1914, p. 664,) 

Frost is more likely to form when there is at least a moderate 
amount of moisture present in the air, so that with a falling tempera- 
ture the dew point is reached on the surfaces of objects. In a dry 
atmosphere the temperature of an object may fall below the freez- 
ing point without any evidence of frost formation, and such a condi- 
tion may be just as damaging as if frost were present, or even more 
so; but usually this is not the case, because in dry sections the tem- 
perature remains at the lowest point for only a brief period, the 
range in daily temperature in these sections being relatively great; 
and no sooner does the temperature reach the minimum than it be- 
gins to rise again, while in sections where the air is not dry the tem- 
perature may remain at the lowest point for a considerable period. 
Moreover, in dry regions, plants are subjected to low temperatures 
frequently and become hardy and have a correspondingly greater 
resisting power. 

Dry freezes, without any frost formation, sometimes occur in 
various sections, simply as a result of low temperature and strong 
winds, and these are far more destructive than ordinary frost 

Damage hy frost. — ^Frost itself does not do any damage, but it 
is rather a protection to the objects upon which it forms. More^ 
over, in its f ormaticm, it gives off to the air a certain amount of latent 
heat which tends to prevent the temperature from falling lower. 
Frost is merely evidence of freezing temperature at the surfaces upon 
which it forms, and this temperature is injurious to plant tissue in 
a greater or less degree, depending upon its physiological condition, 
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upon how low a temperature is reached and how long the critical 
temperature continues, congealing the water in the intercellular 
spaces of the tissue into ice and thus preventing a further circulation 
of moisture in the plant. The word '^ frost,'' then, for obvious rea- 
sons, is used by forecasters to designate temperatures damaging to 
vegetation, and the forecast is usually qualified by the employment 
of the words '^ light," ^^ heavy," and ^^ killing " ; and when conditions 
appear to be serious, a prediction of freezing temperature is some- 
times made, such a warning being strongest because it presages a 
condition that is serious. During the crop-growing season frost 
practically never occurs except in clear or at least partly dear 
weather and when the wind is light, while freezing temperature may 
occur in windy and cloudy weather. However, the distribution of 
temperature and pressure conditions is sometimes such that a forecast 
of frost may be made for one State and freezing temperature for one 
adjoining it; similarly, forecasts of killing, and light or heavy frost, 
for adjoining sections in the same district. 

The terms, ^^ killing frost " and ^^ freezing temperature," so far as 
damage to vegetation is concerned, are more or less interchangeable. 
Trilling frost often occurs without the temperature of the air falling 
to the freezing point, but in the arid and subarid sections of the 
country it seldom occurs until the temperature of the air has fallen 
below the freezing point. Moreover, light frost often occurs when 
the temperature of the air is as high as 40^ F., and even higher. 

BEIiATION BETWEEN THE TEMPERATUBE OF THE AIB AND THAT OF VEGETA- 
TION. 

As stated before, the surface temperature of a plant will often 
differ considerably from the temperature of the air. During a re- 
search made in tiie cranberry marshes of Wisconsin in 1906-1910 
by the writer (Weather Bureau Bulletin T, Frost and T^nperature 
Conditions in the Cranberry Marshes of Wisconsin) it was found 
that minimum thermometers exposed in the open, 6 inches above the 
ground and touching the tops of the vines, averaged for an entire 
season, 2.8^ below those at the same elevation above the ground in 
shelters nearby. The greatest differences were noted in a section 
where the vegetation was heaviest, the minimum in the open there 
averaging 3.7° lower than the air temperature in the shelter. On 
clear, cool nights, with little or no wind, the differences were large, 
the greatest being 9.9°, but there was little difference between any of 
the thermometers on cloudy and windy nights. 

Efect of environment on the occurrence of frost. — ^We have seen 
that the temperature of the plant tissue depends upon its environ- 
ment; that is, the character and moisture of the soil and the sur- 
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rounding regetatioiL It also depends upon the height of the tissue 
above the surface of the ground. The lowest night temperatures 
occur a few inches above the ground, it being wanner on the immedi- 
ate surface because of the heat conducted from the soiL At an eleva- 
tion of 8 feet the minimum temperatures are usually considerably 
higher than at a few inches above the ground; but at this elevation 
and above the night temperature is not affected by the character of 
the soil or the surface vegetation, which reaches a few inches above 
the ground only, as shown in Weather Bureau Bulletin T. Un- 
doubtedly, however, vegetation higher up, such as the foliage of 
trees, affects the temperature of contiguous air at higher elevations. 

Vcihie of fro9t warning. — ^Frost warnings are of much greater 
importance during the blooming period and while the fruit is green 
than later in the season when it is approaching maturity. The lia- 
bility to damage is much greater in the spring when the bloom is 
unusually early because of a prolonged warm period, as in the seasons 
of 1907 and 1910, which will be referred to later. Such spring frosts 
are often very damaging in the northern and central portions of the 
country. The early frost in the fall ordinarily does not damage the 
fruit, but if the period of low temperature is prolonged, the fruit 
does not fully mature. In the cranberry marshes a severe frost, 
which occurs in midsummer with temperatures sufficiently low to 
damage the growing berry and also the terminal bud upon which the 
crop of the ensuing year depends, is by far the most serious. The 
frost of August 8, 1904, in the Wisconsin bogs was attended by tem- 
peratures in the open as low as 25^, and not only caused great damage 
to the crop of 1904, but affected that of 1905 as well. (See weather 
maps of Aug. 7-8, 1904, reproduced as figs. 101 and 102. Facing 
p. 186.) 

GHABTS OF FROST DATES IN THE UNITED STATES. 

There is, as stated before, a wide range in the seasons of the year 
when frost is damaging to vegetation and produce in various por- 
tions of the country. There are some places in the extreme North ^ 
and in the elevated sections of the country where frost is possible 
every month of the year; in the extreme South it is usually confined 
to the winter season, while in intermediate sections it is of importance 
only in the spring and falL In connection with these matters the 
four charts used by Mr. P. O. Day, climatologist, in Weather Bureau 
Bulletin Y, Frost Data of the United States, have been reproduced, 
as follows: Figure 97 shows the average date of the last killing 
frost in the spring; figure 98, the latest date on which a killing frost 
has occurred in spring; figure 99, the average date of the first killing 
frost in autumn; and figure 100, the earliest date on which a killing 
frost has occurred in autumn. 
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EFFECT OP TOPOGHAPHT. 

Frost often occurs on still, clear nights on a valley floor, while 
points higher up on the slopes escape, the temperature sometimes 
differing as much as 10° to 15° and even 20° over limited areas. On 
a windy night the temperature does not differ materially at neigh- 
boring points in a hilly country, as the warmer air from above is 
being continually mixed with cooler air near the surface. Hence, 
wh^i the topography of the country in such sections permits the 
free circulation of the air, frost is less likely. In some valleys, be- 
cause of the configuration of the country, tiiere is usually more or 
less wind and a consequent mixing of air on cool, clear nights, while 
other valleys are so situated that there is very little movement of 
air, and it is on the slopes surrounding the latter that thermal belts 
are most pronounced. 

The probability of frost is then diminished where the air drain- 
age is good. Frost is most likely in pockets where the air is con* 
fined and prevented from flowing lower down. These are commonly 
called frost pockets. Where the configuration of the country is 
such that there is a movement of air draining down to lower levels 
in a valley, frost is less likely in the upper portions of the valley. 
So it is less frequent in a canyon, where the wind movement is free, 
than in a valley. A good example of this condition is found at 
Palisades and Grand Junction in the valley of the Orand Biver in 
western Colorado. The spring season at Palisades in the canyon is 
generally a week or two in advance of that at Orand Junction, a few 
miles lower down, and frost is less likely in the canyon than in the 
lower reaches of the valley. 

The question of topography is most important. Frost may usually 
be expected on low ground at times when higher ground escapes 
visitation, and the lesson taught is that early and tender crops 
should, as far as practicable, be confined to hillsides and mountain 
slopes, and later and hardier crops to the lowlands and valleys. 

Effect of large bodies of water on. temperature. — ^The proximity 
of large bodies of water is also of importance in connection with the 
occurrence of frost. In the autumn the temperature of the water is 
far above the temperature of the air in a cold high not affected by 
water influence. 

For a 10-year period, from 1902 to 1911, inclusive, it was found 
that the mean daily temperature of the air at Chicago in the autumn 
averaged higher than the temperature of the water of Lake Michi- 
gan ^ until about September 25 (Weather and Climate of Chicago, 
p. 48, Cox and Armington), after which date the temperature of the 
water averaged higher. As the daily range in water temperature 

> ObaerratloiiB of water temperature made 24 feet below the surface. 
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for all seasons is almost inappreciable, its mean and minimum tem- 
peratures are nearly the same, but the daily range in air tempera- 
ture for autumn at Chicago is ll'^, and its minimum temperature 
would therefore be about 7"^ below the mean, thus showing a still 
greater contrast between the temperature of the water and the mini- 
mum temperature of the air in that season. 

It should be evident that in the season of the year when the tem- 
perature of the water is higher than that of the air the water in- 
fluence is the most pronounced in warding off frost in contiguous 
sections, especially when the wind blows from the water. In the 
spring the influence of the water in warding off frost is not so great, 
because the temperature of the water then is lower than that of the 
air. At Chicago the average air temperature in the wintertime 
remains below that of the water only until February 20, after which 
through the spring and summer it continues warmer than the lake 
water. These data of air and water temperature, strictly speaking, 
have application to Chicago and the southern end of Lake Michigan 
only, but it is probable that a similar relation exists between the air 
and water temperatures at other lake or coast cities. 

It can be seen by referring to figures 97-99 that the area affected 
by frost in the Florida Peninsula usually reaches much farther 
south in the interior than along the coasts. This is because of the 
water influence on the temperature of the air. Its effect, especially 
in the autumn, is most pronounced on the eastern and southern 
coasts of the country and in the Great Lakes region, as shown by the 
paralleling of the lines with the shores, illustrated by the same 
figures as before. This happens even along the Atlantic coast where 
the prevailing winds are from the west and not from the water. 
As a general proposition, however, it may be stated that the effect 
of water in warding off frosts in the spring, especially in northern 
sections, because of the lower temperature of the water, is not so 
pronounced as in the autumn^ but it is nevertheless quite notice- 
able. In this ccHinection a study of its effect in the Great Lakes 
region is interesting. By referring to figure 97 it will be seen that 
the average date of last killing frost in the spring in that district 
is later and later as the distance from the Lakes increases. Aside 
from the fact that killing frosts occur earlier in autumn in the 
interior than near the Lakes, the influence of the prevailing westerlies 
in that season is such as to postpone still further the coming of frost 
in sections contiguous to the eastern shores of the Lakes, as shown 
by figure 99. The effect. of the westerlies is felt to a degree far into 
the interior, and this is demonstrated by a c<Mnparison of ccmditimis 
in the Lower Michigan Peninsula and those in Wisconsin on the 
other side of Lake Michigan. Perhaps the water influence in the 
autumn is best illustrated in figure 99 by the line of October 5 — the 
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Fio. 101. — ^August 7, 1904, summer froet in Wisoonsiii. 
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Fio. 102. — ^August 8, 1004, lammer frost in Wisconsin. 



Digitized by 



QiOo<^z 



Digitized by 



Google 



WEATHEB FOBECASTIKO IN THE UNITED STATES. 187 

average date of the first killing frost in autunm — ^which passes from 
the northeastern coast of the Lower Michigan Peninsula irregularly 
southward to the middle Ohio Valley. 

Bearing upon the problem of damp and moiet soUs^ respectively. — 
While a damp soil favors the occurrence of frost, a very wet soil 
has the opposite effect. 

A distinction must be made, then, between damp soil and thor- 
oughly saturated soil. When frost was observed in many places in 
Oregon on the mornings of April 18, 14, and 15, 1912, it did not occur 
in the Bogue Biver Valley because of the previous heavy rains and 
wet snows which turned the soil in the orchards into a veritable 
sludgie. The temperature of the air was close to the freezing point, 
but frost might as well have been espected on the surface of a lake 
as in the orchards under such conditions. The- writer was making a 
visit to the fruit orchards in Oregon at this time and was mudi 
interested in the phenomenon. 

The soil was so wet from continued rains in the middle Missouri 
and upper Mississippi Valleys on October 10-11, 1911 (see weather 
maps of those dates), that no frost occurred, although, aside from 
the wet soil, all the conditions seemed favorable for its formation. 
The explanation is found chiefly in the high specific heat of water. 
A certain quantity of heat lost during the nighttime from rela- 
tively dry ground and its vegetable cover cools the exposed portions 
of these poor heat-conducting objects to a very low temperature. 
An equal loss of heat from the same substances when they are loaded 
with moisture results in only a small lowering of the temperature, 
not only because the water must now be cooled in addition to the 
ground and vegetation, but, as we know, water requires the removal 
of considerable heat to cool it slightly. The radiation losses from 
the. saturated surfaces may also be less than from the dry surfaces. 

Frost does not therefore occur following a heavy rain unless the 
ground has previously been rather dry, but a light rain on an over- 
cast aud windy day is favorable. Then the initial temperature in the 
evening is low and the soil is cold because of the evaporation of 
moisture from the surface and the fact that there was no heating of 
the soil during the day. When the ground is moderately wet and 
frost occurs it is usually light. 

Effect of sanding^ draimng^ and cuUivation. — ^It was found in the 
study of conditions in the Wisconsin moorlands that frost was less 
likely in well-drained and weeded areas and in sections where the 
peat bogs had been sanded. It was shown conclusively that drain- 
ing, cultivating, and sanding had a decided effect in the prevention 
of frosts. 

The Wisconsin bogs are located in extensive moorlands that reach 
for many miles, there being no uplands of consequence in the vicinity. 
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There are in these marshes more or less timber and brush which 
serve to break the force of the wind and often at night calms pre- 
vail or the winds are very light, so that the warmer air above is not 
mixed with the colder air near the ground. The temperature con- 
ditions in these moorlands vary as much as between the slopes of a 
mountain and the valley floor, and even in the same bog the night 
temperatures differ widely. The investigation of the Weather Bu- 
reau showed that there was a reason for all these variations; that 
where the vegetation was densest, the lowest night temperatures 
occurred because of the rapid radiation; so also where the soil was 
damp and the drainage poor, because such a soil is warmed less by 
the sun^s rays and in the evaporation of moisture from the surface 
heat is lost The character of the soil has much to do with night 
temperature, the readings being low over a soil such as peat which 
conducts very poorly and radiates rapidly; and it is chiefly for this 
reason that the cranberry growers sand their bogs — that is, place a 
layer of sand 2 or 3 inches in depth over the peat This serves to 
conduct the heat received during the day into the soil, and as the 
heat lost by the sandy soil is partly by conduction to the air above, 
the temperature of the air over this surface does not fall as low at 
night as over peat Sand also prevents rank growth and provides 
better drainage from the surf ace. This investigation indicates pos- 
sibly the causes of the great differences in frost conditions reported 
in level surfaces in other sections of the country, where no reason for 
the great variation was clearly apparent Upon investigaticm, when 
such variations occur, it will doubtless be ascertained that there is 
a difference in the density of the vegetation or in the character and 
moisture of the soil, or possibly in the proximity to timber. 

As stated before, frost occurs during the passage over a district 
of a cool HIGH. This usually has a pressure of at least two- or three- 
tenths above the normal, and is often attended by little air movement. 
These conditions, relatively dry air and absence of cloudiness, are 
favorable to a large loss of heat by radiation. The consequent cool- 
ing during night time in conjunction with the relatively low initial 
day temperatures, which are likely to be below the normal, naturally 
lead to temperatures below freezing. 

Frost in the Pacific coast districts. — ^The typical high which causes 
frost in the North Pacific coast districts during the growing season 
appears in that section after the passage of a i/)w to the east or 
south with rising barometer. The high first appears in British 
Columbia or off the North Pacific coast, and later moves in a south- 
easterly direction. The conditions shown by the weather maps of 
April 10, 11, 12, and 18, 1911, figures 103, 104, 105, and 106, are 
typical of spring frost conditions. 



Digitized by 



Google 




""W^ 




Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 





IU> 



• Digitized by 

i 



Google 



WBATHEB FOBECASTING IN THE UNITED STATES. 189 

The pressure in the high by the evening of April 13 had risen 
to 80.5 inches. A high which overspread the same sections a year 
later on April 18, 14, and 15, 1912, was not so strong, the pressure 
being much lower. However, it caused frosts at many x>oints in that 
section. In the orchards of the Bogue River Valley the night tem- 
peratures were close to the freezing point, but because of previous 
rains and wet snows, the soil there was thoroughly saturated and no 
frosts occurred, as stated on page 187. 

The autumn high in the North Pacific Coast States and its later 
movement are well represented by the weather maps from September 
28-26, 1908. (See figa 107^ 108, 109, and 110.) The ensuing frosts 
were quite extensive, covering the districts from the coast well into 
the interior, principally because of a well-developed low over the 
Bocky Mountain region and the southwest which induced a strong 
flow of cold air across. Frosts were reported repeatedly in the North 
Pacific district on September 24, 25, and 26, 1908, and even over 
southern Oregon and the Plateau sections on the 27th. 

Such highs as those referred to above do not in the spring and 
autumn cause frosts in California, or at least in the southern part 
of that State, and it is only in the winter that they reach to the 
southern limit of that region. These winter frosts are usually 
brought by highs or ridges of high pressure eictending westward 
from continental highs that seem to move directly southward. The 
most notable instance of freezing temperature in southern California 
occurred on January 7, 1918, when a minimum of 25° was recorded 
at San Diego, the previous lowest temperature being 82°. Reference 
should be made to the weather maps of January 5, 6, 7, and 8, 1918. 
(See figs. 78-81, Chap. VI.) Serious frosts occurred on all four 
days over the greater portion of southern California, but the lowest 
temperature was recorded on the 7th, the third day of the freeze. 
Severe frost in southern California can only occur under similar con- 
ditions; that is, after a deep low which has previously been centered 
oa the south California coast is displaced by the southerly movement 
of a high of considerable magnitude. The maps of December 21-28, 
1912, also illustrate this type. 

Frosts, however, of less importance occur in southern California in 
the winter, either when a high moves eastward from the Pacific 
Ocean across the State, as shown by the maps of January 18-20, 1907, 
or when, as Mr. Ford A. Carpenter says in the October Monthly 
Weather Review, 1914: 

An immense continental high Is apparently too far to the eastward to affect 
the temperatures, but a slight weakening of the North Pacific low allows the 
influence of the high to be felt by causing a sudden fall in temperature. 

as shown by the maps of January 11-12, 1914. Following the frosts 
which occurred in California from January 18-20, 1907, referred to 
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in this paragraph, the high, after passing into the interior from the 
Pacific, united with another high which had moved down from the 
British Northwest over the Eocky Mountain and Plateau districts. 
This latter high was of considerable magnitude and remained sta- 
tionary over the Pkteau for several days, causing a recurrence of 
frost in California, with the exception of the extreme southwestern 
portion, on January 21, 22, and 23. On the 20th a low appeared on 
the North Pacific coast, but it weakened during the ensuing 24 hours. 
This type of continental high causing frosts in California is similar 
to that referred to by Carpenter. 

Frosts in Florida — ^In other districts of the country frosts are 
conditioned by highs of considerable magnitude in their normal 
movement, ordinarily from the northwest to the southeast. It is 
usually, however, not before Christmas that frost occurs in southern 
Florida and seldom before Thanksgiving, and then only in highs 
of considerable magnitude that have moved down from the northwest 
across the State of Texas into the Gulf of Mexico, whence they turn 
and advance eastward in the wake of a low over the Atlantic In 
fact, in order to cause frosts throughout the Florida Peninsula in 
any season, either the center of the high must pass across the State, 
or, if the center passes to the north over Georgia and South Carolina, 
for instance, the pressure south of the center in Florida must ordi- 
narily be as great as 30.30 inches at Miami and 30.40 inches at Jack- 
sonville with clear weather and northerly winds. A high which 
moves from the northwest with its center over the Plains States and 
finally across Florida without passing into the Gulf of Mexico may 
cause frosts over that State when the pressure is not great, as on 
November 28, 1903, at which time the barometer was no higher than 
30.14 inches at any of the Florida stations. Previously a well marked 
LOW had been centered in the ocean off the Florida coast The maps 
of November 26-28, 1903 (see figs. Ill, 112, and 113), illustrate 
this type; while the maps of January 25-28, 1905, illustrate a type 
of HIGH which, advancing from the northwest, moves into the Gulf 
of Mexico before reaching Florida. In this case, the pressure was 
much greater, the barometer registering 30.54 inches in the northern 
portion of the peninsula. Highs which move into the Gulf are 
usually of great magnitude when they start in the northwest, some- 
times the pressure reaching 31 inches and seldom less than 30.75 
inches. But the pressure steadily diminishes in the southeasterly 
movement After the high passes over the waters of the Gulf its 
temperature is, of course, more affected than that of a high which 
reaches Florida without passing into the Gulf. In spite of this fact, 
however, the former are usually more severe and more sweeping in 
character because their initial temperatures are lower and in their 
southerly course they cover a greater area. 
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Another type of high which brings severe cold to Florida but 
wh(^e center remains north of that State is shown by the maps of 
February 12-14, 1899 (see figs. 114, 115, and 116), and March 6-8, . 
1899. In the February cold wave of 1899 the lowest temperatures in 
over half a century were recorded generally throughout Florida, 
readings of 10^, 22^, and 28^ being reported from Jacksonville, 
Tampa, and Jupiter, respectively. 

However, when a high from the northwest moves in such a direc- 
tion that its center remains north of the Gulf coast, it usually passes 
eastward without causing frosts in the Florida peninsula, imless 
the pressure reaches 30.30 inches as far south as Miami, as stated in 
a previous paragraph. In fact, more frequently the movement of the 
area is sueh that the winds shift to northeasterly and cloudy weather 
develops over the entire State, as shown by the weather maps of 
January 21-23, 1912, and March 27-29, 1913. 

The frost situation in southern California and the Flcurida penin- 
sula is most important because growth is maintained there during 
the entire year. Moreover, in portions of the Gulf States outside of 
Florida, especially near the coast, the occurrence of frost even in 
winter is rather serious. We have seen that in the interior of Florida 
away from the water frost is likely to occur later in the spring and 
earlier in the autumn than along the western and northern portions 
of the Gulf coast When frost overspr^uls the entire Florida penin- 
sula, it is noted almost invariably in other portions of the Gulf re- 
gion, as shown by the maps of February 12-14, 1899, and January 
25-26, 1906. Sudi conditions obtain in these sections in connection 
with the movement of typical cold waves referred to under the dis- 
cussicHi of cold wa^es. 

Frost in the GtUf regioru — ^Types of maps which are quite certain 
to bring frosts to the Gulf States, except along the immediate coast 
and in the Florida peninsula, are illustrated by those of March 26, 
27, and 28, 1913. 

The maps of November 27-December 2, 1911, represent an autumn 
type which was attended by severe frosts at stations on the Gulf coast 
^om Corpus Christi, Tex., eastward to Florida. On the 27th the 
trough of low pressure reached from the upper Lake region south- 
westward to Texas, while a high was centered over the far north- 
west beyond the northern Bockies. The low moved northeast and the 
HIGH southeast, so that freezing temperature or killing frost was 
noted in tiie extreme south on November 29-December 2. 

Frosts in sections farther north. — These cold highs which are 
damaging in the Gulf districts, of course, cause relatively low tem- 
peratures in the northern and central sections of the country, but 
they have no effect upon the vegetation there in these seasons unless 
the temperature is sufficiently low to cause winterkilling. In 
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spring, however, these highs often cause destructive frosts in the 
sections farther north. In spring, highs usually move from the 
northwest eastward or southeastward to the Great Lakes region, 
later settling down over the South Atlantic district Their course 
at that time of the year is almost directly over the Great Lakes, 
because of the relatively low temperature of the water,^ which de- 
presses the isobaric surfaces, permitting an inflow of air aloft and 
produces, as a consequence, local increase in pressure. 

When the early spring has been mild in the northern and central 
portions of the country with attendant early bloom, frost in April 
and May is highly destructive to fruit. In 1910 was noted ihe warm- 
est March within the history of the Weather Bureau over a great 
portion of the country, and this mild weather continued until about 
the middle of ApriL Then ensued a movement of highs from 
the northwest, one after another, that were attended by damaging 
frosts to a considerable section of the country east of the Bockies, the 
frosts extending frequently during the second half of April even into 
the northern portion of the Gulf region. The Northern States were 
not free from this visitation until about the close of May, and in the 
States along tiie nortliem frontier frosts did not cease until well into 
June. 

The weather maps during this period are of various types and a 
study should prove most interesting. The tendency of highs to 
move from the British Northwest in tiie directi<m of the Great Lakes 
in the spring is most strikingly shown in this series of maps. 

From April 18 to 20, while a deep low remained over the Lakes, 
the HIGH, which was centered in eastern Montana, moved southeast- 
ward along the Bocky Mountain slope to the western Gulf region. . 
This HIGH was attended by frost as far south as Fort Worth, Tex., 
and Shreveport, La., and quite generally over the Middle West. The 
next HIGH, which appeared a few days later, however, divided into 
two parts in its easterly movement, one center moving to the northern 
Lake region, while the other pushed southward over tiie eastern 
slope of ihe Bockies. This condition brought abnormally cold 
weather well into the Southern States, with frosts this time not only 
at Fort Worth and Shreveport, but also at Yicksburg. 

On May 1, when a broad depression covered the southern Bockies 
and adjoining sections, a cold high appeared in the northern Bocky 
Mountain region and moved eastward and southeastward, attended 
by general frost along its track over ihe Plains States and the Great 
Lakes region, reaching ihe latter district on ihe 8d and remaining 
there until the 7th. Frost this time did not extend farther south 
than the Ohio Valley, but it is seldom that the area of frost extends 

^ Weather and Climate of Chicago, p. 43. 
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into the Soathem States, while the center of the high remains over 
the Great Lakes region; and as the hiohs usually take the course 
over the Lakes region in May, it is rare that frosts occur in the South 
during that nuHith. During the first week of May, 1910, frost 
occurred as far east as Albany, but it did not reach any of the coast 
staticms. The succeeding high which appeared in the Briti^ North- 
west on the 10th and moved southeasterly over the Great Lakes region 
was accompanied by general frosts along its track that extended as 
far south as Tennessee, even, but did not cause frost farther east 
than Albany, the coast stations again escaping. These sections are 
favored partly because of the water influence and the normally 
higher temperature, and also because the highs when they leave the 
Lakes move southeast to the South Atlantic Coast States instead 
of eastward across New England, with the attendant temperature 
modified accordingly. As a high moves eastward, the southern limit 
of frost usually extends farther and farther northward, so that frost 
seldom reaches the Atlantic coast, even of New England, except in 
pronounced types. The southern boomdary of frost generally lies 
in a southwei^northeast direction. 

Occasionally a high advancing eastward from the Great Lakes 
in the spring or fall will be of sufficient magnitude to cause severe 
frosts generally throughout New England and even in the Middle 
Atlantic States. But it will be found that such highs have been 
centered either in the northern Great Lakes region or over Ontario 
ond in their easterly or southeasterly movement reach the coast with 
their centers no farther south than New Jersey. The direction of 
movement of these highs must be d^rmined from the ^A" chart 
and the pressure-change chart. Such types are shown by the weather 
maps of April 15-17, 1908, and September 18-15, 1911. The middle 
of April, of course, is not late in the spring for frosts in southern 
New England, but the middle of September is early in the fall for 
such occurrences. However, they very seldom occur there as late 
as May 1 in the spring, but in rare instances these frosts overspread 
all New England later than that date, even extending southward 
across the Middle Atlantic States, and such a condition was noted 
during the passage of a high on May 12, 1907. The course of the 
HIGH is shown by the maps of May 10-12. (See figs. 117, 118, and 
119.) As this HIGH advanced across the Great Lakes region, it was 
accompanied by exceptionally cold weather for the season, several 
stations reporting freezing temperature. At the same time the 
barometer was falling on the New England and Middle Atlantic 
Coast States, which served to pull the cold air directly across those 
States, although with diminished intensity. 
**— 16 ^13 
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The temperature in a high is a most important factor, and if it 
is unusually low as the high advances eastward, severe conditions 
may be anticipated over a considerable area, especially when the 
barometer is falling in its front, or the low is already rather deep. 

The frosts which occurred in New England the middle of Septem- 
ber, 1911, referred to above, were attended by a high which was 
centered on September 13 over the northern Great Lake region and 
Ontario and on the 14th over the North Atlantic States. (See figs. 
120, 121, and 122, weather maps of Sept. 13, 14, 15, 1911.) This 
HIGH in its passage across the Lakes, because of previous warm 
and wet weather there, did not cause any frost in that section except 
in the extreme northern portion. However, the temperatures w^re 
low in Ontario and, as the high advanced, the cold air was pulled 
across New England where no rainfall of consequence had occurred. 
This is one of the few instances within the records of the Weather 
Bureau when general frosts were noted in New England at an earlier 
date in autumn than in the North-Central States. 

Frosts in Rocky Mountain region cmd adjoimng sections. — ^The 
maps of May 16-17^ 1910 (see figs. 123 and 124), are typical of 
the conditions which cause general frost in the spring in the eastern 
foothills of the Bocky Moimtains and adjoining sections. The maps 
of May 21 and 22, 1910, also illustrate the type. In this type the low 
is centered either in the southern Eocky Mountain region or the far 
southwest with the high in the northwest, generally west of the 
Itockie& The high in this case is drawn southward and does not 
ordinarily move to the Great Lakes region, although, as a matter of 
fact, the one in the second series referred to above did eventually 
reach the Great Lakes. These highs which move in the spring across 
the Great Lakes region increase in magnitude and spread out in all 
directions, westward as well as eastward. The maps of May 25-27, 
1910, are typical of such development. 

The autumn type which brings frosts to the Rocky Mountain re- 
gion and adjacent sections is well represented by the series of maps 
from September 23-26, 1908, referred to on a previous page in con- 
nection with North Pacific coast types. ( See figs. 107-110. ) The cold 
air was pulled directly across the plateau and elevated sections of 
the country because of a i/>w which was centered in the Rocky Moun- 
tain region on the 25th. The trough extended thence southwestward 
to southern California and northeastward to Minnesota. As the high 
moved southeastward severe frosts occurred in the Rocky Mountain 
region and adjoining sections, extending eastward over the Plains 
States and central valleys and southward as far as central Texas. 
The condition was unusually severe for the season in the mountain 
States as well as in the far Northwest, where the high first appeared. 
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B'iG. 128. — May 16, 1910, spring frost io Rocky Mountain region. 
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FiQ. 124. — Weather map, May 17. lUlO, upring frost in Rocky Mountain region. 
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Frost in the spring of 1907 and 1910, respectively. — ^Much the same 
conditions as those described in preceding paragraph regarding 
the spring of 1910 prevailed in 1907, and a study of the weather 
maps during this period should prove interesting and instructive. 
March, 1907, was unusually mild and at the end of the month the 
season was from two to four weeks in advance of the normal through- 
out the central valleys and the Southern States. During most of 
April the temperature over the agricultural sections of the country 
averaged abnormally low, this condition continuing ifnto the middle 
of May. Freezing weather and damaging frosts were reported quite 
generally during this period over the great central valleys, and light 
frosts occurred as far south as Arkansas, Tennessee, and the interior 
of the Middle Atlantic States as late as the second decade of May. 

Frost in Wisconsin in summer. — ^The weather maps of August 7 
and 8, 1904 (figs. 101 and 102), illustrate the occurrence of killing 
frost in summer in the Wisconsin cranberry bogs. (Weather Bureau 
Bulletin T., p. 16.) In the Massachusetts and New Jersey bogs dam- 
age from frost in summer is almost imknown, and at other seasons of 
the year is less likely than in the higher latitudes of Wisconsin. 

Movement of higjis in spring and autu/moL — ^The series of maps 
from May 4 to May 12, 1913, are typical of highs that are attended 
by frost in the Northern States. In the first part of that period frost 
occurred in the foothills of the Rockies as far south as New Mexico, 
but in the easterly movement of the high, the southern limit of the 
frost area, as usual, seemed to withdraw farther and farther to the 
north. (^ May 6, Dodge City, Kans., was the southern limit of 
frost, and on May 7, Springfield, 111. The first high was reinforced 
by another of considerable magnitude, which moved from the far 
northwest directly southeast over the Great Lakes region to the South 
Atlantic States, bringing with it frosts in the eastern mountain dis- 
tricts as far south as Asheville, N. C, but on the coast no farther 
south than New York City. It is especially interesting to note the 
progress of this high. It approached from the Pacific and moved 
easterly across the Rocky Mountains and the Plains States to the 
Great Lakes region where it remained, spreading out and extend- 
ing eastward, while another high appeared in the British North- 
west, which later joined with the first high over the Great Lakes 
r^oiL 

The highs in spring, as stated previously, usually move from tiie 
northwest direct to the Great Lakes region and then turn southerly 
toward the soutii Atlantic coast; at least this is the normal move- 
ment after the middle of ApriL The highs in autumn, however, 
move from the northwest directly southeastward over the eastern 
slope of the Rockies and the Plains States to the South Atlantic. 
States, the centers seldom being as far north as the Great Lakes. 
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The weather maps of October 26-28, 1914, illustrate a typical 
autumn movement, tiie high being centered in western North Da- 
kota, Oklahoma, and tiie east Gulf States on three successive dates. 
Damaging frosts occurred during this period in practically all sec- 
tions east of the Rockies except near the Gulf coast Because of the 
more southerly movement of highs in the fall, the frost condition is 
likely to be more general east of the Bockies then than in the spring; 
that is, the southern limit of frost is likely to extend considerably 
farther south. However, the autumn frosts are, as stated previ- 
ously, not nearly so serious as those of spring, because most of the 
crops have been harvested by the time of the fall frosts, and crops, 
even when exposed, are practically mature, so that a lower tempera- 
ture can be withstood without injury. 

The series of maps from October 8 to 13, inclusive, 1906, illustrate 
an excellent type of a cold high, starting from the northern Bocky 
Mountain region and advancing eastward across the country in the 
rear of a well-marked liow. The high was of considerable magni- 
tude, but of varying barometer level in its movement eastward. On 
the 9th the pressure at Miles City was 30.66 inches, and upon reach- 
ing the coast sections on the 13th readings as high as 30.62 inches 
were recorded, but lower on the intervening days in the Middle West. 
The attending temperatures were abnormally low for the season, and 
frosts occurred in practically all sections east of the Bockies, with 
the exception of the extreme South; in fact, frost was noted at 
Shreveport, Vicksburg, Montgomery, Macon, and at all Atlantic 
coast stations from Charleston northward. 

THE FORECASTING OF FROST, 

The successful forecasting of frost depends upon the success in 
estimating the movements of highs and liows with their attendant 
conditions, just the same as in forecasting weather and temperature. 
The task of forecasting frost is, one might say, supplementary to 
that of predicting weather and temperature because the actual occur- 
rence of frost depends upon the temperature and the weather as 
well. 

The positions of the cold high and the liOW must be considered 
and the future course of each carefully estimated, so as to determine 
the effect of the high on any particular locality. To bring the frost 
to any place there must usually be an indraft of cold air from the 
north and northwest to that point. For instance, frosts, extending 
southward over the Pacific coast States to southern California, occur 
chiefly when a high is present over the North Pacific coast districts 
and a liOW in the south ; just so, in order to produce frosts over sec- 
tions farther east in the Plateau and southern Rocky Mountain 
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region, there must have previously been a ix>w to the south and a 
HIGH in the north, west of the Divide. Farther east, in the west 
Gulf region, for instance, the pressure must have been low and 
later displaced by a cold high from the northwest. For frost to 
occur over the Florida peninsula, there must have been a low over the 
southern portion of the middle Atlantic serving to cause an indraft 
of cold air from the west and northwest. In each of these cases, it 
is a question of the magnitude of the high as regards both its pres- 
sure and temperature and the intensity of the liOW and the baromet- 
ric gradient as to how low the temperature will fall and how serious 
the frosts will be. 

The intensity of the liOW is almost as much of a factor as that of 
the HIGH, but, nevertheless, the barometer in the high is ordinarily 
considerably above normal in the northwest where it starts, register- 
ing at least 30.4 inches. In the low preceding the high, the temper- 
ature is generally above normal and there must be a considerable 
gradient between the low and the high for the transference of suffi- 
cient cold air to reduce the temperature in the front of the high to a 
low point. This is, of course, a question of gradfent between the 
HIGH and the low, regardless of the actual intensity of either, 
although, as stated before, these highs are usually of considerable 
magnitude. The principal fall in temperature occurs in the district 
where the low was previously centered, but the temperature may not 
reach the critical point on the first night because of preceding high 
temperature, or because of wind or clouds. Where the preceding 
temperatures have been comparatively low the critical temperature 
is, of course, more easily reached. The farther south the low extends, 
aside from other considerations, the more sweepin'g will be the cold ; 
just so, if the high takes a southerly course. 

The magnitude of a high often varies in its easterly or southerly 
movement, more often decreasing than increasing, not including, 
of course, the highs of the Great Lakes region in the spring, which 
are in. a class by themselves. There are many instances, also, where 
a HIGH decreases alid later increases in magnitude. Frosts are most 
likely in the central portions of a high ; for instance, if an isobar of 
80.4 inches represents its highest pressure, aside from other consid- 
erations, frost is more likely within this line and in the sections im- 
mediately surroimding. South and southwest of the main high, 
where the winds are from the northeast, frost is less likely; while 
to the northward the occurrence of frost depends upon whether a 
shoulder of high pressure extends in that direction, causing west or 
northwest winds there. If a high moves so far to the south that the 
winds in northern sections are from the southwest, frost is not likely 
in those sections unless the temperatures are low enough in the high 
to cause frosts within its immediate area, and so New England often 
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escapes frosts because of the southeasterly movement of an interior 
HIGH to the South Atlantic States. The cold brought in by a high 
which takes a southerly course is more general, as stated above, 
but, nevertheless, not so severe in northern sections, unless a ridge 
of high pressure reaches northward from the main high in the South. 
Frost is more likely in a district if the center of the advancing 
HIGH is located to the northwest, but no hard and fast rule can be 
given, as there are so many complications. The pressure-change map 
usually shows the direction of movement of the high, the center 
moving to the place of greatest rise during the last 12 hours, but 
there are many exceptions to this rule. 

In predicting frost the forecaster must consider, as the high ap- 
proaches, its rate of progress and whether it will be followed imme- 
diately by a LOW. A high which moves with great rapidity is not 
generally accompanied by frost, as the attendant low temperature 
is usually of short duration; if a liow immediately follows, frost 
will not occur to the left of the center of the high. If the high 
moves slowly, has considerable volume, and reaches out in all direc- 
tions from the center, the frost is likely to be extensive and to occur 
on two or more nights. The recovery to higher temperature on its 
western periphery will not be so rapid as when a low immediately 
follows. The question of frost is, of course, naturally associated 
with wind velocity, and it is probable that frost is severe in a high 
of great magnitude, chiefly because its natural concomitants — flight 
winds, dry atmosphere, clear skies, and relatively low temperatures — 
give the maximum losses of heat from the ground and vegetation, 
by radiation, and consequently a fall in temperature during night- 
time to a point below freezing. Sometimes frost is noted when the 
pressure is not much above the normal, but this is only when the 
ground is cold, due to previous low temperature. The possibility of 
frost depends closely upon the temperature of the soil, and during 
the spring and autumn when the soil is cold, or in the winter in the 
extreme South, frost occurs under conditions of pressure and tem- 
perature that would not produce frost in the warmer months of the 
year. So, also, frost never occurs on the first and seldom on the 
second night following a protracted warm spell, even though the 
break in temperature is quite pronoimced. After a heated period 
it takes one or more cool nights before the soil is cold enough to 
permit frost to form. The temperature of the soil is most important 
and close attention should be given it in connection with the occur- 
rence of frost. So, the previous weather conditions, as affecting 
the temperature of the soil, must be taken into consideration in the 
forecasting of frost for any particular locality; and the subject of 
moisture of the soil must not be overlooked. If Ihe soil is saturated 
from previous heavy rains frost is quite impossible. 
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If the weather can be correctly forecast, it is a short step to the 
successful forecasting of frost. Not only must the current tempera- 
ture be considered, but also the humidity. If the temperature is 
already low, the fall to the critical point will be effected more easily. 
If the air is humid, the loss of heat through it will be slow and ordi- 
narily frost will not ensue. The character of the sky is most im- 
portant, and unless the night is clear, or at least partly clear, frost 
is not possible. Likewise, frost does not occur during windy weather 
even though the winds may be blowing from the north and north- 
west, but the temperature during a cold wave may fall to freezing 
or below on a cloudy, windy night. A previous wind from some 
point between north and west, preferably northwest, is most favor- 
able for the occurrence of frost If the conditions are unsettled in 
any particular region between the ix)w and the high for which we 
are considering the issuing of frost warnings, we must determine 
whether the wind will decrease and the sky clear by night, although, 
of course, as stated before, cloudy and windy weather during the 
daytime is favorable for the occurrence of frost in the ensuing night, 
because under such conditions the soil is not heate4 in the daytime, 
but cooled instead. 

We must use the helps in this work that we use in forecasting 
temperature, and we must also have in mind what the minimum air 
temperature will be during the ensuing night. The temperature, of 
course, will vary greatly with the occurrence of light and heavy 
frost in various portions of the country and even in different sec- 
tions of the same State. Each cold high has certam characteristics. 
If the weather in the high is cloudy the probability of frost is not 
great; if, however, the weather in the high is clear when it appears 
in the far northwest and is attended by frost, this condition is likely 
to occur in the sections farther east as the high advances across the 
country. We must, however, allow for the fact that the temperatures 
are normally lower in the northwest east of the Rockies than in 
eastern and central portions of the country, even at the same latitude. 
A HIGH, as it moves eastward or southeastward, will pass over dis- 
tricts having a higher tnd higher temperature and the minimum 
temperatures will not be so low as in the far northwest. Occasion- 
ally frost is noted in the summer time in North Dakota and Mon- 
tana, for instance, that does not later extend eastward, but if a 
HIGH with barometer readings greater than 30.2 passes over Wis- 
consin, it is likely to cause frost in the moorlands of that State, 
even in midsummer. The subject of frost in moorlands is especially 
discussed in two papers at the end of this chapter. 

In the elevated sections of the West, frost is sometimes not noted, 
even with the temperature below freezing, because of the dryness of 
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the air, while in other sections it forms when the temperature of the 
air is considerably above the freezing point. 

Variaiion in night temperatures and observations of frost. — ^Night 
temperatures vary tremendously, often within a small area, depend- 
ing as they do so much upon the vegetation, the character and mois- 
ture of the soil, the humidity of the section, proximity to cities or 
even buildings, the configuration of the countoy, proximity to water 
surfaces, and many other reasons. The temperature varies greatly 
at Weather Bureau stations in various localities, often because of 
the difference in exposure of the instruments; the minimum readings 
at stations having a sod exposure are apt to be much lower on still, 
clear nights than at stations with roof exposure& A glance at the 
morning weather map during the passage of a cold hiqh over the 
country easily distinguishes the stations of the Weather Bureau 
which are located in the business sections of large cities from those 
which have an exposure in the coimtry. On any clear, cool night 
the minimum readings at Charles City, Iowa, for instance, are 
always 8^ to 10^ lower than those at Des Moines, Iowa, and usually 
lower than thosQ even at St Paul, some distance to the north. (See 
discussion under cold waves, p. 152.) These temperatures are only 
relative, and frost may be reported from a station with a minimum 
temperature as high as 60^, as has been done at Chicago and other 
large cities, and yet not be observed at other places with readings 
as low as 86^, particularly in the arid or subarid regions. Of course, 
frost may sometimes form and be so light as not to be observed. 

Usually, however, in sections east of the Rockies, a light frost, at 
least, is observed at a Weather Bureau station or in the vicinity 
on clear, cool ni^ts, with not much wind, when the minimum tem- 
perature reaches 40°. Whether a frost is reported as "light,^ 
" heavy," or " killing," depends upon the judgm^it of the observer. 
What one man might consider a killing frost, another might report 
as "light," and vice versa. There has been, in fact, a wide range 
in temperatures at which killing frost has been reported at the 
various stations, and sometimes even in the same cold spell one sta- 
tion will report a killing frost with a te: iperature higher than at 
another station where only a light frost is observed. Killing frosts 
have been reported from Chicago with a minimum temperature at 
the station as high as 41°, but usually the temperature is close to 
the freezing point. It is easy to understand how it is possible for 
a killing frost to occur in the residential sections of a large city on a 
night with the recorded temperature at the station no lower than 40°, 
when it is taken into consideration that on clear, quiet nights the 
temperature of the air on the outskirts of the city is often from 10° 
to 12° lower than that observed at the station, and that the tempera- 
ture of the vegetation is several degrees lower still. 
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Warnings of frost may be applied locally, depending upon the 
various physical conditions of topography, soil, vegetaticm, drain- 
age, etc. It may be safely assumed that on a clear, quiet night the 
temperature will be several degrees lower on the floor of a valley 
than on the slopes, particularly if the valley is mostly inclosed. It 
will be somewhat lower even in slight depressions than on level 
surface& The temperature will be much lower where the vegeta- 
tion is dense and the drainage poor than over a clean and dry soil; 
and lower over a peat or black soil than over a sandy one. These 
factors must be taken into consideration in the practical application 
of frost warnings, and the forecaster should indicate as far as pos- 
sible the bearing the warnings may have upon any special conditions. 
Knowledge as to the stage of growth of crops and the critical tem- 
perature during the various periods of growth is also important. 

In the issue of frost warnings the weather map, of course, is of 
prime importance. It should be remembered, however, that the tem- 
peratures placed upon the map are mainly from city stations and 
that they do not indicate the temperature in the open country, es- 
pecially in the moorland and valleys. Forecasters must allow for 
great differences and must study their various sections closely in order 
to determine how large these differences are. This has been done 
to a great extent through the establishment of stations known as ^' key 
stations,'^ which report to the district center by wire once and some- 
times twice daily. Frequently the differences in air temperature be- 
tween these key stations and the city stations are as much as 15"^ or 
20°. Then furtiier allowance must be made for the still lower tem- 
perature of the vegetation. 

The most perfect local conditions for the occurrence of frost are 
a cloudy day, preferably with light rain; a fresh wind from the 
northw^; dearing at sunset with the wind subsiding; rising barom- 
eter, with the pressure two or three-tenths of an inch above the nor- 
mal; previous weather conditions such that the soil is cold, but not 
because of heavy rains; the maximum temperature at least 10° be- 
low the normal for the season, and the humidity ranging from 50 
per cent to 76 per cent. It may be considered that frost is quite 
certain to occur under these conditions, provided a cold high with 
extensive frosts is centered to the west or northwest of the locality 
and advancing with average rapidity. 

The median temperature and the ensuing minim/wm. — A help in 
the forecasting of the ensuing minimum is suggested by Prof. J. 
Warren Smith in the Monthly Weather Review for October, 1914, 
by what he terms "A method of determining the median." His 
plan provides that under conditions favorable for radiation the hour 
at which the median temperature occurs — the half-way point be- 
tween the maximum of the afternoon and the minimum of the ensu- 
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ing morning — be determined. Following this hour in the evening, 
the fall thence to the ensuing minimum will equal the fall in tem- 
perature from the maximum to the median. For instance, if the 
median at any place is found to occur at 7^0 p. m., and tiie tem- 
perature at that hour has fallen to 46^ from a maximum in the after- 
noon of 60°, it would be safe to figure on a still further fall of 14® 
through the night to the freezing point. This method seems reason- 
able, but, of course, it is likely to be affected by complications. Prof. 
Smith's remarks may be found in the Monthly Weather Beview 
above quoted. 

Relation between the dew point and mininvum temperature of guc- 
ceeding night. — ^Mr. P. J. O'Gara, in his Bulletin No. 6, ** The pre- 
vention of frost injury in the orchards of the Bogue River Valley, 
Oreg.," publishes a table showing 10 dates in the springs of 1909, 
1910, 1911, when the dew point observed at 6.30 p. m. and the ensuing 
minimum temperature were almost the same, but he does not include 
the dates when these readings were radically different In coimecti(m 
with these results it is intereisting to note that the observations made 
by Local Forecaster Drake in the Bogue River Valley in the spring 
of 1914, following the departure of Mr. O'Gara, did not bear out 
the latter's conclusions. In fact, it is announced that the observa- 
tions gave great variation between the dew point and the ensuing 
Tninimiim temperature, and no harmony between them was shown. 

Prof. J. Warren Smith, in connection with observations at 10 
Ohio fruit frost stations in the spring of 1914, has investigated the 
subject of the relation between the minimum temperature and the 
dew point of the evening before, and he concludes: 

In general, the difference may be great enough to make this method of pre- 
dicting the probable minimum temperature most unreliable. A study of the 
dally observations shows that when it is cloudy or partly cloudy In the evening 
and clears off during the night the morning minimum temperature wlU always 
be considerably lower than the evening dew point; on the other hand. If it 
clouds up during the night the minimum will generally not go so low as the 
dew point 

When the relative humidity is hl^ on a dear, stUl evening the minimum 
temperature during the coming night wUl be lower than the evening dew point, 
and when this relative humidity Is low the minimum wlU not be so low as the 
dew point. 

The writer, in his studies in the cranberry marshes of Wisconsin in 
1906 and 1907 (XJ. S. Weatiier Bureau Bulletin T) arrived at results 
that harmonize with the conclusions of Prof. Smith, and definitely 
established that a dew-point reading in the evening is no indication of 
the ensuing minimum temperature. The old theory that there is a 
relation between these has been disproved so often that meteorc^ogists 
and others interested should now fully appreciate the f act& 
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The percentage of relative hwmidity a factor. — ^The question of 
relative humidity in connection with the occurrence of frost has not 
yet been studied sufficiently in various sections, but, as a rule, it is 
thought that in the greater portion of the United States frost is not 
likely if the relative humidity the previous evening is lower than 50 
per cent or higher than 75 per cent. At Chicago, in a five-year period 
from 1910 to 1914, inclusive, out of 52 frosts in the growing season 
the humidity the previous evening at 7 o'clock was below 40 per cent 
2 times, between 40 per cent and 50 per cent 5 times, 50 per cent and 
60 per cent 15 times, 60 per cent and 70 per cent 14 times, 70 per cent 
and 80 per cent 11 times, 80 i)er cent and 90 per cent 4 times, and 
above 90 per cent once. The highest evening humidity followed by a 
frost was 93 per cent, April 11, 1910, and on the next morning a mini- 
mum of 38° was recorded at the station; while the lowest relative 
humidity reading followed by a frost was 31 per cent, on April 15, 
1913, the ensuing minimum being 39. These figures certainly cover a 
wide range in relative humidity, and until the subject is studied fur- 
ther the percentages, taken by themselves, have little value in fore- 
casting frost. 

Moreover, in the moorlands the night humidities, as previously 
stated, are almost always high, and in the Wisconsin research (Bulle- 
ton T) it was found that frost sometimes occurred on nights when the 
air was nearly saturated and even completely saturated, the humid- 
ity ranging from 95 per cent to 100 per cent Doubtless in these 
instances the blanket of moist air was shallow and the air imme- 
diately above comparatively dry, so as to permit sufficient loss of 
heat by radiation through it to reduce the temperature to the freez- 
ing point. These values, secured in the moorlands, do not apply, 
however, to ordinary niral districts. 

The periods of the year in which frost warnings are required for 
various sections. — ^It is the custom for forecasters to issue frost warn- 
ings in California, Florida, and the immediate Gulf coast during the 
entire year, but in other sections of the country the periods change, 
depending upon the relative earliness and lateness of the seasons. 
The forecasters are notified by the local observers just as soon as 
frost warnings are needed in the spring for the protection of bloom 
or vegetation, and thereafter warnings are issued throughout the 
season for any region that may be threatened with frost until word 
is received in the autumn from the observers that warnings are no 
longer necessary. 

Forecasting of frost for cranberry marshes. — The forecasting of 
frost for the cranberry marshes has been given special attention by 
the Weather Bureau because of the very low night temperatures 
prevailing there and because the majority of the cranberry growers 



Digitized by 



Qoo^z 



204 WEATHEB FORECASTING IN THE UNITED STATES. 

usually have means of. protection in the shape of a water supply for 
warding off frost, and they are dependent upon the warnings of 
the Weather Bureau for the success of their crop. Key stations have 
been maintained by the bureau for a number of years in the marshe? 
of Wisconsin, Massachusetts, and New Jersey, and these telegraph 
to the district centers their weather and temperature observaticms 
each morning during the critical season. Moreover, the writer con- 
ducted for several years an exhaustive research in the Wisconsin 
bogs, the result of which will be found in Bulletin T of the Weather 
Bureau, previously referred to, and should be carefully studied in 
connection with this section. 

The conclusions of the research above referred to are reprinted 
below for convenience of reference. 

[Extract from Weather Bureau Bulletin T, "Frost and temperatnre conditions In tha 
T^lsconsln cranberry marshes.'*] 

The natural condnsion from the data presented is that the study of local 
conditions in the marshes is of much importance. It is apparent that the 
temperatnre varies greatly in adjoining bogs and even in different portions of 
the same bog. Daring a frosty night damage may result in one portion of a 
bog and not in another, but serious frosts are usually general and not local. 
A grower may wish to conserve the water supply if the season is dry and the 
water low, because if he makes too liberal use of it, means for reflowing may 
not be at hand later when great danger threatens. In view of the fact that 
reflowing should not be resorted to any oftener than is absolutely necessary, the 
forecaster and the grower have between them a problem to solve that is some- 
times very dijflcalt. When low temperature threatens it must be first deter- 
mined whether the night is to be clear, the barometer high, and the wind light 
Of greatest importance is the clearness of the atmosphere, as there wiU be no 
decided fall in temperature during any night unless the clouds clear away; 
even passing clouds over a marsh often raise the temperature several degrees. 
But local conditions seldom determine the condition of the sky. The reasons 
for cloudiness must be found in the movement of hiohs and lows; and the 
reasons for such movement are not always apparent on the face of the weather 
map. 

True it is that damaging frosts seldom occur in midsummer. The frost of 
August 7-8, 1904, figures 101 and 102, was abnormal — ^in fact, a phenomenal 
condition. The forecaster should know that such a low temperature Is not likely 
to happen in every July or August, because it is far from being the fact, and 
it can. only occur under circumstances on every side favoring its development 
It Lb therefore a well-marked condition — one that would attract the attention 
of the forecaster almost instantly as he scans the weather map. Ordinarily 
HIGHS do not bring frosts to the cranberry marshes of Wisconsin in the mid- 
summer months, even though they are of considerable magnitude, have com- 
paratively low temperature, and move across the northern tier of States. 

The temperature of the soU is usually too high during the warm season to 
permit the formation of frost, and it is quite impossible for it to occur during 
these months following a day of sunshine. On the other hand, frost occurs 
easily in the moorlands on clear nights during the spring, early summer, and 
autumn when the soil Is cold. The conditions such as obtained during June 
11, 12, and 13, 1906, would not be sufficient to cause frost later in the summer 
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after the ground had become warm. In determining whether frost warnings 
should be Issued, not only the weather maps must be studied carefully, but 
also the temperature conditions in the bogs produced by recent hot or cold 
spells. The temperature of the soil is an important factor at any period of 
the growing season, and the reading of the maximum thermometer is of much 
value, indicating, as it does, in a measure, the amount of heat conveyed to the 
soil during the daytime. Should the maximum temperature In the shelter be 
below 70* on any day, and be followed at night by clear sky and light wind, pres- 
sure above normal and rising, there is strong probability that frost will follow in 
the bogs, especially if the pressure reaches a height of 80.20 inches or more and 
the center of the high passes over Wisconsin or the Lake Superior region. 
The theory that frost does not follow rain has no foundation. In fact, a day 
of light rain accompanied by a fresh wind which facilitates evaporation at the 
surface of the soil is often followed by a frosty night, as evidenced by numerous 
instances in 1907. 

Should it be expected that the minimum temperature at La Orosse or St 
Paul will fall below 50^, ordinarily there is danger of damage in the cranberry 
inarshes on any clear night Severe frosts have occurred in the bogs when 
the temperature at La Crosse was no lower than 48^, as on August 8, 1904. 
The temperature " in the open ** at the coldest place in the bog must fall below 
29'' in order that serious damage may occur. Probably a temperature for 
several hours ^*in the open*' as low a^ 29*" would be serious, but there are 
many instances of minimum temperatures of 29^, and even 28^, when no frost or 
resulting damage was apparent 

It is important to determine from the weather map whether the weather will 
be dear over the moorlands because, regardless of how cold it is in the North- 
west and how threatening the conditions, there can be no damage done during 
th& growing season if the weather is cloudy at night ; but severe frost may 
occur early in May before the growing season, and in October after the berries 
have been picked, on cloudy and windy nights, but no damage can then result 
in the marshes. A perfect condition for frost in the moorlands exists when a 
HIGH from the Northwest moves eastward with the center over Lake Superior, 
sending cool north winds thence over Wisconsin, or when the high settles 
directly over the moorlands, following a day, or preferably two, of cloudiness, 
with some rain and wind, provided the clouds clear away and the wind sub- 
sides in the evening as the temperature begins to faU.^ While the study of 
local conditions is of value— temperature and its rate of ftill, wind direction 
and velocity, humidity and pressure — ^these conditions may not, during un- 
settled conditions, assist materially in determining whether the weather will 
clear and frost occur before the following morning. A strong steady rise in 
pressure i» the best local indication for clearing weather, and without this the 
weather will probably remain cloudy. While a high moving eastward and 
southeastward over the Lake region is usually accompanied by dear, cool 
weather, occasionally the movements of such areas are abnormal and doudi- 
ness persists in the front of the high. A remarkable instance of persistent 
cloudiness was noted from September 2 to 5, 1905. On three successive days 
the pressure was high in the Northwest, reaching 80.44 inches at Prince Albert, 
and accompanied by freezing temperatures. This area moved slowly south- 
eastward, gradually losing force, but nevertheless maintaining low tempera- 
tures. On the morning of September 4 the pressure was highest over Mani- 

1 When a high moTes rapidly across Wisconsin, the pressure begins to fall and the wind 
to rise immediately after the passage of the crest Under such conditions, a falling tem- 
perature up to midnight is followed by rising temperature during the balance of the night. 
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toba, and frost was general throughout the Dakotas. The weather, however, 
although cold in the moorlands, never cleared during the entire period. Tem- 
peratures were as low as 37* on two successive nights, but by reason of the 
continued cloudiness frost did not occur in the bogs. A study of the local con- 
ditions, aside from the pressure, would not have enabled a parson to determine 
whether it would clear on either of these nights. The cloudy weather covered 
a considerable area, in fact, several States, and the reason for this condition 
could not be found in the moorland sections of Wisconsin. Similar Instances 
have been noted in other Septembers. When cloudy weather prevails over a 
large area in front of a high it may ordinarily be expected to continue, unless 
there is a steady increase in pressure between the low and the high. In case 
of doubt, special observations should be called for by the forecaster in the 
middle of the afternoon from the cranberry marshes and a few stations in the 
Northwest, with special reference to the maximum temperature in the bogs 
and the probability of dear weather for the ensuing night It might be well 
to have an observation of soil temperature included in the reports from the 
cranberry marsh stations each morning in addition to the data usually tele- 
graphed. 

The maps of August 7 and 8, 1904 (see figs. 101-102), illustrate a perfect 
condition for the occurrence of frost The cloudy weather during the 6th and 
7th had prevented the usual warming of the soil, and the breezy weather of the 
7th, through evaporation of the moisture near the surface, evidently caused the 
soil to become colder. The maximum temperature in the shelter on August 
6 was 76'' at Mather and Cranmoor, and on August 7 it was 65* at Mather and 
67* at Cranmoor. We have already shown what a great effect the tempera- 
ture of the soil has upon the temperature of the air near the surface during 
any night and that in marshes the places covered with dense vegetation, with 
thick matting of moss or thick growth of vines or ferns, are the ones of lowest 
temperature, especially if the soil has not been sanded and the drainage is poor. 
When the soil is largely protected from the sun*s heat by vegetation and 
the initial temperature at the surface is low in the evening comparatively 
low minimum temperatures must result if the night be dear. The situation 
is even more pronounced if the previous day has been doudy, because, as a 
consequence, the storing of heat in the soil has been interrupted and the point 
of critical temperature may therefore be reached more readily. The relation 
between the temperature of the soil and the occurrence of frost is noticeable 
in that it is practcally impossible for frost to occur in the bogs on the first 
cool night following a warm spell ; but it is likely, if conditions are favorable, 
on the second night after the soil has become cold. Growers claim — and with 
reason — that frost almost invariably occurs on the second night of a cold 
spell ; and, even if it does occur on the first night, the frost on the second night 
Lb likely to be more severe. 

Frost remains in the soil of an unflooded bog until comparatively late in the 
season, and there have been found instances of frost in the soil in marshes as 
late as July 4. Usually, however, when the winter fiow is taken off in the 
spring the soil Lb free from frost The temperature of the soil tends to gradu- 
ally increase until after midsummer, and then gradually decrease again. The 
soil being cold in the spring and early summer and again in the fall, frost is 
more likely to occur then, regardless of the accompanying conditions of atmos- 
pheric temperature and pressure. That is, the ground being cold, frost will 
occur in the marshes in May and early in June under the influence of areas of 
high pressure and accompanying low temperature that would be far from 
sufiicient to cause frost during the midsummer months, when heat has been 
stored up in the soiL The length of the nights Lb also very important in esti- 
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mating the probability of the occurrence of frost, especially during the months 
of September and October, as the nights steadily grow longer and afford greater 
opportunity for radiation, without compensating insolation. 

The forecaster must have in mind the lowest temperature that may ocqor 
in the less-favored sections of the marsh, as It is evident that a wide range 
in temperature will be found in practically all marshes. E3ven with the 
knowledge that the lowest temperature *' in the open *' will fall below the freez- 
ing point, it is not certain that there will be any damage. In fact, as has been 
stated before, the result of the investigation indicates that the temperature 
" in the open " must fall 2* to 4* below the freezing point in order to cause 
any serious damage. But the forecaster need not be the Judge of what damage 
may ensue. It is for him to Issue warnings, stating in his forecast the proba- 
bility of light, heavy, or killing frost, and, if possible, how long the cool con- 
dition is likely to last, because such information will often assist the cranberry 
grower in conserving his water supply. It is very important to know the hour 
in the evening that the frost is likely to set in, because if it begins to form 
before midnight the damage to unprotected marshes is certain to be serious, 
as the period of freezing in that event will continue through several hours till 
daybreak. 

FROST WARNINGS FOR THE MASSACHUSETTS CRANBERRY 

MARSHES. 

[By John W. SMrrH, District Forecaster.] 

Frost warnings are issued and disseminated for Uie benefit of the 
Massachusetts cranberry growers during the season from April 16 
to June 30 and from August 16 to October 15. These warnings are 
based on the data of the daily weather map and those of meteorologi- 
cal observations at Boston and from the special meteorological sta- 
tions in the cranberry bogs at East Wareham, South Carver, Hali- 
fax, Marstons MiUs, and Norton, Mass. From a study of the differ-, 
ences in temperatures in the shelters on tha bogs as compared with 
those of the local office of the Weather Bureau at Boston, in con- 
nection with the daily weather map, deductions are made as to the 
occurrence of frost, whether heavy or light. Generally speaking, 
the minimum temperatures in the bogs range from 16 to 25 degrees 
lower than the minimmn temperatures at the Boston station. In 
cases of fresh to high wiuds, particularly when easterly in direction, 
and on cloudy nights, the temperatures in the bogs do not depart 
greatly from those at Boston. On nights when the conditions are 
favorable for frost there are at times marked differences in the tem- 
peratures in the several bogs, in some instances amounting to from 
6° to 10°. These differences can be attributed to various causes, i. e., 
wind force and direction, proximity to water, character of the soil, 
whether sandy or not, condition of moisture of the soil, character 
of vegetation as to density and height above ground. Of course, 
in forecasting frosts and issuing warnings there has been no at- 
tempt at individual details in the service, but the warnings have been 
issued to the bogs as a whole. At the present stage of the work it 
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is not considered practicable or advisable to do otherwise. After 
further study of the several problems involved, and more extended 
experi^ice in the forecasting of frosts in the bogs, it may be possible 
ana even probable to particularize in the warnings. 

The conditions that are most favorable to frosts in the bogs are 
high pressure over or in close proximity to the west or northwest 
of the section, light to moderate north to west winds or very shifting 
winds, and perfectly clear sky. As a rule these conditions are nearest 
to being realized when a high of moderate strength and considerable 
extent moves down from the northern Great Lakes region or south- 
east Canada, with cloudless skies and passes slowly over the region 
of the bogs. These conditions occasionally result from the gradual 
building up of the pressure in the northern Ohio Valley and thence 
northward to Canada, the resulting high then slowly drifting east- 
ward over New England. At other times the high is well defined, 
having traversed a good portion of the northern border country, and 
indications of frost are timely and well pronounced. Weather maps 
which present the atmospheric conditions under which frost warn- 
ings are issued for several successive nights are those of September 
10 to 15, inclusive, 1914. During this period frosts occurred in the 
bogs on the 11th, 12th, 13th, and 14th. The temperatures were 
apparently quite imif orm in the various bogs, the lowest being 27^ at 
Soutii Carver, and at other stations from 28*^ to 81®. At Boston the 
lowest minimum temperature during the period was 46®, on the 11th, 
and the highest minimum 52®, on the 13th. So far as known the only 
method of protection from frost used by the cranberry growers is 
by flooding, and then only when water is available. 

WARNINGS OF FROST FOR LOUISIANA, TEXAS, OKLAHOIIA^ AND 

ARKANSAS. 

[By Isaac M. Clink, District Forecaster.] 

The information conveyed in warnings for frost and injurious tem- 
peratures issued by the Weather Bureau for the West Gulf States is 
of the greatest importance in connection with the successful culti- 
vation of many crops, and it has assisted materially in the diversifi- 
cation of crops and the development of intensive farming. Belying 
upon Weather Bureau warnings and protective methods, many 
tender crops, especially garden truck and strawberries, are pushed 
to maturity early in the spring and late in the autumn, and in some 
sections are grown throughout the winter, with a view to using the 
warnings for frost and injurious temperatures in protecting such 
crops against injury from unfavorable weather conditions. 

Each class of vegetation has a different critical temperature at 
which damage results, and warnings for frost or freezing only do not 
suffice for the successfid protection of crops, such warnings being 
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too indefinite for the needs of the fanner or planter. A warning of 
an expected change in temperature of only a few degrees, giving the 
temperature expected to occur, when near the freezing point, is a 
matter of great importance. To meet these requirements the frost 
warnings are supplemented by freezing warnings, stating what the 
minimum temperature will be in the next 24 to 48 hours. The intel- 
ligent grower knows the degree of temperature at which different 
kinds of garden truck will suffer injury, the berry, bloom, and plants 
will be killed, the sugar-cane stalk will be injured, and the bud and 
twig of the orange tree will freeze to an extent that will cause a 
loss of the cropy and when he is correctly advised what temperature 
to expect he knows just what protection is necessary for that tem- 
perature in order to save his crop from injury. He can act intelli- 
gently and protect only such crops as are likely to suffer injury by 
the temperatures forecast, without incurring the imnecessary expense 
of general protection which would be necessary when the warnings 
state only ^^ frost '' or ^^ freezing.^' In order that crops may be grown 
profitably when protection to prevent injury from critical tempera- 
tures is occasionally necessary, it is of great importance that the 
expense of protection be reduced to a minimum, and this can only be 
done when the degree of temperature expected is indicated in the 
warning. 

Type maps for frost in the autmnn are: October 7 and 10, 1905; 
and November 1 and 11, 1911. 

Type maps for frost in spring are: April 16, 1904; April 80, 1907; 
and May 5, 1898. 

Types of maps which should be watched carefully in connection 
with the issue of warnings for unusually severe freezes in the coast 
region are: January 7, 1886; February 11, 1899; and February 12, 
1905. 

FROST WARNINGS FOR FRUIT DISTRICTS IN COLORADO, UTAH, 
ARIZONA, AND NEW MEXICO. 

[By FuDimcK H. Beawpbw b oiio, DlsMet Forecaster.] 

Freezing weather in April and the early part of May is not always 
injurious to fruits, for the crops, due to a consistently cold spring, 
may be too backward to be injured. But when several weeks of ab- 
normally high temperatures occur in March or April, there is appre- 
hension, because of the likelihood of a cold snap in the early part of 
May. Owing to the great range in altitude of the different districts, 
the time of blooming varies greatly, so that even though a cold snap 
is general the damage, if any, is likely to be local in character. 

The frost and freezes of spring and fall in the Rocky Moimtain 
region occur for the most part when a high follows in the wake of a 
33e92*— 16 ^14 
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LOW ; the greatest cold occurring in the western and northern quadrants 
of LOWS. After high pressure is established, clear skies predominate 
and a great loss of heat by radiation occurs at night, the amount of 
such loss increasing with altitude, and being greater after light preci- 
pitation. Without recent precipitation there is rarely a deposit of 
frost Notwithstanding the fact that the fruit districts, as a rule, are 
located in sheltered valleys of varying exposures and elevations, the 
following considerations have been found valuable in connection with 
the issue of warnings of freezes. It is to be understood, however, that 
the conditions described are not lacking in intensity or energy. Dur- 
ing periods of high pressure when temperature conditions are close 
to the danger point, altitude, topography, air drainage, etc, are fac- 
tors which must be given special consideration. 

Colorado. — ^Frost is indicated when localities are coming under the 
domination of a high in the wake of a low central on the eastern or 
southeastern slope. 

When a hiqh is becoming established with clear skies and light 
winds. 

Eastern Colorado. — ^When a high from the northwest or north 
moves southward east of the Continental Divide in the wake of a 

LOW. 

Western Colorado. — When the crest of a high remains west of the 
Continental Divide and a low prevails in New Mexico. 

Utah. — With the approach of the front of a high in the wake of H 
LOW moving east, southeast, or southward. 

With clear skies following light precipitation during prevalence 

of a HIGH. 

During the domination of a high while a low prevails to the south- 
ward. 

New Mexioo. — ^In the wake of a low which has crossed the State. 

When the front of a low has crossed the Continental Divide in 
New Mexico or Mexico and a high prevails to the northward. 

When a low prevails in the vicinity of the Gulf of Mexico and a 
high overlies the southern Bocky Mountain slope. 

Northern Arizona. — ^The growing season in the northern part of 
the State is very short and hard freezing is common late in spring 
and early autumn. 

Central and southern Arizona. — ^Destructive frosts are not com- 
mon, and when they do occur it is during December and January. 

Frost may be expected in the wake of a low moving northeast, 
east, or southeast across the State. 

When there is a stationary low in northeastern Arizona. 

When a high with zero temperatures prevails in Nevada, Utah, and 
Colorado and a low overlies southern New Mexico or Mexico. 
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FROST WARNINGS IN THE NORTH PACIFIC STATES, INCLUDING 
WASHINGTON, OREGON, AND IDAHO. 

[By Edward A. Bkals, District Forecaster.] 

The topography of the North Pacific States is such that frost 
forms in some localities every month in the year, while in others it 
seldom occurs during the growing period of vegetation. In locali- 
ties where frost forms in summer only hardy crops are raised, such 
as cereals and alfalfa, although in these places garden truck is 
planted and, after being more or less set back on accoimt of frost, 
good yields are sometimes obtained. No attempt is made to predict 
summer frosts in localities where it occurs every year, for the reason 
that no one at these places makes any pretense of protecting his 
crops, and all are located in isolated communities where telegraphic 
facilities are poor. 

The only persons in the North Pacific States that protect their 
crops from frost are orchardists. TKe^e people want frost warnings, 
and the warnings must he explicit, so they may know whether or 
not it wiU he necessary to heat their orchards. For their benefit 
the Weather Bureau has localized the frost-warning work in a num- 
ber of places, and the service bids fair to be of great benefit to these 
people. 

This discussion will treat first of the rules and conditions guiding 
the forecaster in making general forecasts of frost; and second, of 
the rules and conditions guiding him in making forecasts of an 
explicit nature for those who protect their orchards and are thus 
greatly benefited by the warnings. 

The season of spring frosts is from the middle of March to the 
middle of May in southwestern Oregon, and from the 1st of April 
to the last of May in the remaining sections west of the Cascade 
Mountains, from the 1st of April to the middle of May in eastern 
Washington, and from the 10th of April to June 15 in eastern Ore- 
gon and Idaho. Fall frosts seldom are harmful, as the crops are 
practically all gathered before they occur. 

During the forepart of the spring season in all these localities 
the daily range in temperature is of sufScient amplitude to cause 
freezing temperatures should the maximum for the day be as much 
as 10^ below the seasonal average. On account of cloudiness, the 
maximum for the day is often that much below the seasonal average, 
and the question of whether there will be frost depends wholly upon 
the stillness of the air and whether the clouds will dissipate before 
morning. The cloudiness prevailing may be due to an unsettled 
condition without any well-defined high or low within the confines 
of the district, and when such is the case the air is generally corn- 
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parativelj quiet. It not infrequently happens during such periods 
that shortly before daylight a temporary clearing takes place, lasting 
perhaps less than an hour and followed again by cloudy weather for 
several hours or more. Even such a temporary clearing is enough 
to cause a damaging frost The forecaster is aJmost helpless under 
these conditions, and the only thing guiding him is his judgment as 
to whether it will clear before morning or not. If the barometer is 
low, that alone favors contmued cloudiness, and if high, with the 
surrounding country cloudy and movement sluggish, clouds will 
probably continue. If the clouds are cumulus, it will clear before 
morning, and if they are strato-cumulus the danger of a clearing 
spell in the early morning is very great, and if stations nearby report 
partly cloudy or clear weather frost forecasts should be issued, 
qualified in exceptional cases by the statement ^' if the weather clears, 
frost will form.'' Such statements are to be avoided as much as 
possible, but it is believed where the doubt is great a statement of 
the foregoing character is better than not to issue the warning. 

Weather maps of April 10 to April 13, 1911 (see Figs. 103-106), 
illustrate practically all the types that are followed by frost in 
the north Pacific States, and of this series the p. m. maps of April 
. 12 and 13, 1911, are the simplest and easiest to handle. As soon 
as the distribution of pressure shown on the map of April 10, 
1911, appears the forecaster must be on the alert, as it frequently 
happens that the center of the high will not move north farther than 
the mouth of the Columbia Biver, in which case the weather con- 
tinues cloudy, and while freezing temperatures may occur they will 
be attended by moderately strong winds with more or less rain, and a 
freeze instead of a frost should be forecast. 

No rule can be given that can be relied upon for forecasting 
whether or not the center of the high will move north of the mouth 
of the Columbia Biver, and upon whether it does or does not depends 
the great difference between clear weather and rain over a large 
portion of the North Pacific States. Most of the failures made in 
weather and temperature forecasts come through misjudging the 
northward movement of the highs off the north Calif omia and 
Oregon coasts. About the best indication of a northward movement 
is obtained from the two-hour pressure changes at North Head and 
Tatoosh Island. If they show a stong rise the conditions are favor- 
able for the further northward movement of the high. The' rise at 
these stations, however, may be temporary and a few hours later a 
fall may take place which will indicate the presence of a low off the 
Washington coast that will move inland; the high will then retreat 
to the south and become less important in influencing the weather in 
this district. 
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When the type such as illustrated by the p. m. weather maps 
of April 10, 11, 12, and 13, 1911 (Figs. 103-106), appears a frost 
is almost certain, and we then have to consider the preceding weather 
in the various Idealities before stating the character of the expected 
frost If it has been rainy on the preceding days the frost will be 
light, although the conditions portrayed by the chart would indicate 
a heavy frost. If the rainfall during the preceding day has been 
light, say less than ten-hundredths of an inch, the frost will be 
heavy. If the maximum temperatures during the preceding two or 
three days have been above normal the frost will be light, although 
the chart indicates that it will be heavy. If the maximum tempera- 
tures during the preceding two or three days have been below normal 
the frost will be heavy — ^perhaps heavier than indicated by the 
chart — and the forecaster should give these matters due considera- 
tion, as they are very important 

Our method of forecasting frost in localized centers includes all 
the foregoing considerations with the addition of a knowledge of the 
character of the soil in the neighborhood of the key^ stations. 
Where the soil is sandy a greater allowance is made for cooling by 
evaporation when the preceding days have had a light fall of rain, 
and a greater allowance in the opposite way is made for the heating 
up of the soil if the preceding days have been warmer than usual. 
On clayey soils the balance either way is not so great 

Dew-point readings are telegraphed from " key " stations, and an 
effort has been made to correlate these readings with different weather 
types, but so far without success. A full explanation covering this 
point will be found in Weather Bulletin No. 41, entitled " Forecast- 
ing Frost in the North Pacific States." 

In making district forecasts for the "key" stations where the 
work is localized the warning always includes the exact minimum 
temperature expected the next morning. A report is received from 
the " key " station before the forecast is made. This report contains 
the preceding maximum and minimum temperatures, the current 
temperature and dew point, the direction and force of the wind, and 
the state of the weather. We thus have exact information regarding 
the conditions in the locality covered by the predictions, and this 
alone enables better work to be done than would be possible with 
reports from regular Weather Bureau stations situated, perhaps, 50 
or 100 miles distant In the case of forecasts based upon reports re- 
ceived from the regular Weather Bureau stations, the fact must be 
borne in mind that the thermometers at these stations are for the 
most part located in instrument shelters on the roofs of tall build- 
ings, and an allowance must be made to cover the difference between 

1 See W. B. Bui. No. 41, p. 22. 
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a roof and a sod exposure, and a further allowance to cover the dif- 
ference between the estimated sod exposure and the minimum 
temperature reached in a field 50 or more miles away. This puts the 
forecaster in the position of making an estimate based upcm another 
estimate. By having a key station in the heart of the locality covered 
by the forecasts these two estimates are excluded from the calcula- 
tions, and all the forecaster has to do is to check up his mistakes, 
which soon will result in an improvement. No rules can be given 
for this work, as it consists of preparing a weather map covering 
every frost On these maps are tabulated the minimum temper- 
atures, the maximum temperatures for the three days preceding, and. 
the dew point of the evening before the frost occurred. A file of 
these maps is kept in the forecast room, and is so arranged that any 
type wanted can be found at a moment's notice. When conditions 
indicate frost, all types similar to the existing conditions are ex- 
amined, and conclusicms reached based upon what has occurred 
before. 

FROST WARNINGS IN CALIFORNIA. 

[By Gao. H. Willson^ District BV>i«caster.] 

Conditions favorable for the formation of frost in this district 
are not unlike those which prevail in other sections of the country, 
and are generally modifications of the conditicms that produce cold 
waves. The passage of nearly every high over the central and 
northern portions of the Pacific slope during the fall, winter, and 
spring causes clear weather with rapid radiation and a fall in temper- 
ature, all favorable for the formation of frost. The intensity of the 
HIGH, the direction of its movement, the initial temperature, shown 
as it approaches, either along the coast or from the north, depending 
upon tiie direction from which it comes, and the weather immediately 
preceding, are the principal factors to be considered. Marked rises 
in pressure are more liable to be followed by sharp falls in temper- 
ature than are moderate or slight rises. Highs moving eastward 
from the ocean, where the lower strata of the air has been in con- 
tact with the warm waters of the Pacific, are not so cold as those 
moving south from the British possessions. If they move eastward 
over the North Pacific States, giving slight barometric changes in 
California, the temperature changes in that State will be slight, and 
only a light frost, if any, may be expected. If the approaching high 
causes the temperature to fall rapidly along the coast, it will prob- 
ably continue to fall to, or near to, the freezing point in the valleys 
and foothills, with severe frosts, unless there is sufficient wind ac-. 
companying the rise in pressure to keep the air well mixed. If this 
is the case, little or no frost will form. If the high with clearing 
weather follows closely a period of moderate rain, frost will prob- 
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ablj form, but the moisture present may liberate enough heat to 
prevent any serious damage. 

The most difficult frosts to forecast are those caused by a drainage 
of cold air from the Plateau region, with very slight barometric 
changes, sometimes less than 0.10 inch in 12 hours, which are not 
shown by the lines on the pressure-change chart The only way 
the writer knows of anticipating these is by following the departures 
from the normal barometer, as follows: Draw a line through the 
minimum-pressure departure on each change chart; this will show 
the direction and progress of the path of air drainage. If this path 
leads from the northern Plateau and Boc^ Mountain region south- 
westward to California, it will give severe frost in California in 
from 12 to 24 hours after reaching the eastern slope of the Sierra 
Nevada Mountains. Frost from this condition is caused by a very 
thin layer of cold air extending only a few feet above the ground, 
and is generally injurious only to vines and vegetables, the cold air 
seldom reaching the branches of the fruit trees. 

In general, forecasting frost in California is a study of air drain- 
age, except when the conditions are very clear-cut, and then it is a 
matter of brisk to high northerly winds with freezing temperatures. 
Sometimes seasons are late and sometimes early, varying several 
weeks for the same location. Again, one portion of the State may 
have an early season while another may have a late one, and this 
may apply to several sections, any one of which may be first one 
season and last the next. Then the distance and protection from 
the ocean often causes a difference of several weeks in the blooming 
and harvesting periods. The above applies to the main valleys and 
lower foothill sections. When the many valleys are considered, the 
problem becomes much more complicated. 

It is quite safe to say that some crop is blooming and maturing 
and being harvested every day in the year in California. There is 
a large section devoted to winter-truck gardening, and the acreage is 
increasing every year. 

Frost warnings may be necessary at any time from the middle of 
October to the middle of May in the more exposed localities and 
elevated valleys. There are also many years when injurious frosts 
do not occur in the fruit districts. Frosts are more liable to cause 
injury at the time the blossoms are falling, and for a week later, 
than at any other time. At this period the young fruit has lost the 
protection of the covering flower and the sidn is very tender; after 
a few days or a week the skin toughens and is better able to resist 
the cold. Vegetables are also at their tenderest stage just after 
coming through the ground, for the same reason. Eipe oranges will 
stand temperatures that will injure the green ones, because their 
skin is tougher and they have a high saccharine content. 
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CHAPTER Vni. 
FORECASTING HIGH WINDS. 

By Bdwabd H. Bowie, District Forecaster. 

[With contributions by Prof. H. J. Coz, Prof. H. C. Frankenfleld, DfBtrict Forecasters 
E. A. Beals and G. H. Willson.] 
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GENERAL REMARKS. 

The forecasting of winds of unusual velocity that affect shipping 
and other interests is of paramount importance among the duties 
assigned the forecasters of the Weather Bureau and especially is this 
true with regard to the forecasting of storm winds on the Great 
Lakes, the Atlantic, Pacific, and Gulf coasts of the United States and 
in the West Indies during the summer and fall months, when hurri- 
canes may be expected ; since all shipping is guided by advices con- 
cerning dangerous gales and hurricanes, and the saving of lives and 
property depends on the timeliness and accuracy of the warnings. 
The use of wireless telegraphy in the collection of observations and 
in the dissemination of storm advices and warnings to vessels at sea 
and on the Great Lakes has greatly extended the possibilities and in- 
creased the effectiveness of the. storm- warning service. 

The forecasters of the Weather Bureau are required to issue warn- 
ings of: (1) Winds dangerous to navigation on the Great Lakes, 
the Atlantic, Pacific, and the Gulf coasts of the United States; (2) 
violent winds that attend hurricanes in the West Indies, along the 
Atlantic and Gulf coasts and in the interior of the Gulf and South 
Atlantic States; (3) winds of destructive force that attend severe 
local storms; (4) winds of gale force in interior districts that attend 
snowstorms and cold waves; as for example, the northers of the 
western plains, and (5) winds of unusual force when they are ex- 
pected during periods of heat and great dryness in the national f or- 
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ests, in order that in the last-named case extraordinary precautions 
ma j be taken to guard against the outbreak and spread of forest 
fires. 

The weather map is the basis of forecasting and practically aU 
knowledge of the hehamor of storms^ etc^ has been gained there- 
from,' yet much information additional to that already published 
may be had from a systematic study of the files of maps. The im- 
pression of one who first contemplates the forecasting of storm winds 
is one of confusion as regards the probable direction and speed of 
movement of storms that appear on the weather maps. The ex- 
perienced forecaster has precepts based on long experience and study 
that aid him in determining the direction and approximate rate of 
movement of the storm, aand its increase or decrease in intensity will 
hear direct relation to the rate of change in pressure in progress. 
It is conceivable that, were it possible to have in addition to the data 
already at hand at the time of the synchronous observations, facts re- 
garding the actual rate of f aU or rise in pressure within the area of 
the cyclone or the anticyclone, the forecaster would have information 
that would aid him materially. For it is obvious that the cyclonic 
center would be moving toward that octant within its area where the 
pressure was decreasing most rapidly in comparison with that in 
progress in other octants. Likewise the high or anticyclonic center 
would be moving toward that region where the pressure was rising 
most rapidly. In the absence of such data, the forecaster relies to 
a certain extent on the average rate of movement, based on a long 
series of observations, as set forth in Supplement No. 1, Monthly 
Weather Review, " Types of Storms of the United States and their 
Average Movements." Necessarily these average movements should 
be the basis for a forecast of a storm's movement, but other factors, 
such as pressure distribution, etc, must still be considered. Fur- 
thermore, special rules guide the forecasters; a number of which 
will be found enunciated under the head, ^ Lows that increase or de- 
crease in intensity,'' on the pages which follow. 

In the issue of warnings of high winds for shipping, the forecaster 
must consider: 

(1) The appropriate time for displaying the warnings ; that is, the 
warnings must not be displayed too long in advance of the coming of 
the dangerous winds, nor should he wait until the storm is ready to 
break before giving warning. In the former case vessels, particularly 
on the Great Lakes, may be held in port unnecessarily; otherwise the 
vessel might have proceeded in safety to the next port In the latter 
case, no time for preparation for the storm is given, and, as is not in- 
frequently the case, the vessels depart without knowledge of the ap- 
proach of the storm and are caught unprepared. It is mud^ better 
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that the warning be displayed too early than too late. Especially is 
this true witii respect to coastwise shipping. Warnings should be 
lowered inunediately after danger has passed. Trans- Atlantic steam- 
ers sail regardless of whether or not storm warnings are displayed, 
but they sometimes alter their coursed to avoid possible danger, and 
vessels on the Great Lakes in ordinary storms are not in serious 
danger provided they have the protection of a lee shore. 

(2) The warnings should always convey an idea as to the intensity 
of the storm winds likely to prevail. It is not sufficient to state that 
warnings are displayed in a given region, that a storm is approaching, 
etc; the warning should specifically state whether the storm is of 
great or of moderate intensity and that the winds will be violent or 
only strong. In cases of unusual severity it is advisable to warn ves- 
sels to remain in port. 

. (3) The character of the weather attending the winds should 
always be stated, especially if snow and low temperatures are ex- 
pected. 

' (4) Winds may be classed as on^ore or offshore; it is important 
that this fact be taken into consideration in the issuing of warnings. 
An onshore wind of relatively low velocity may often be dangerous, 
whereas an offshore wind of higher velocity may be favorable for 
departure, provided the weather is not thick. Especially is this true 
with regard to the winds of the Great Lakes, as, for example, a strong 
southwest wind is a favorable wind on extreme western Lake Erie, 
but on the eastern end it is a dangerous one. The converse is true 
with respect to east and northeast winds on this lake. 

(5) The duration of the blow should also be carefully considered. 
A short hard blow will not make unusually rough seas, but a con- 
tinued blow, even though of moderate velocity, will make high seas 
and a dangerous passage. It has been truly said that it is the height 
of the seas and not the velocity of tiie wind that is the danger to 
sailing craft. 

Occasions for the display of storm warnings are frequently readily 
discernible on the weather map and forecasts of the direction and 
approximate velocity of the expected high winds are not at all diffi- 
cult. There are, however, numerous instances in which the pressure 
distribution is such as to create a doubt in the mind of the forecaster 
as to the proper course to pursue. Some forecasters will always take 
the safer course and order warnings on moderate provocation, lest 
suddenly increased storm development -find him without flags hoisted. 
Others will incline toward the opposite side and will take chances 
against increasing development so long as conditions are not marked. 
Forecasters who pursue the latter course must always be quite sure 
of their ground and remember tiiat the coming wind direction will 
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often be the controlling factor in doubtful cases; as, for instance, 
failure to hoist warnings for moderatdy high west winds would not 
likely prove serious along the Atlantic coast, while the CHniasicm of 
warnings for northeast winds of no higher Telod^ would often be 
decidedly so. 

WIND SYSTEMS^ ATTBNDINO CYCLONES (lOWS) AND AN TlU TC a/ WS 

(highs). 

In the cyclones of the Northern Hemisphere the wind blows 
around the center in a direction contrary to the motion of the 
hands of a watch which is lying horizontally with its face upward. 
Since the direction of the wind is slightly inclined to the isobars, 
the inflow is of a spiral nature. The amount of incurvature of the 
winds is usually greatest in the right front and least in the rear of 
the cydone, so that sometimes the passage of the trou^ is attended 
by a sudden shift of the wind. The force of the winds is ccxnmonly 
supposed to be directly proportional to the gradient. The cmter is 
a region of comparative calm, and the highest winds are usually 
some little distance from the center, where the gradients are steepest 
The direction from the center in which the strongest winds are found 
usually depends on the positions of the adjacent hiohs. . On the 
south side of the track of the center of the cydoae the winds veer 
from an easterly to a westerly direction by way of south, while on the 
north side they back trom an easterly to a westerly direction by way 
of north. 

In the HIGHS of the Northern Hemisphere the wind blows around 
the c^ter in the same directicm as the movements of the hands of a 
watch which is lying horizcmtally with its face upward, but away 
from the center of highest pressure, and thus in an outgoing spiral. 
As in the cyclcme, the winds of greatest force are a ccHisiderable dis- 
tance from the center and where the gradients are steep. Good ex- 
amples of high winds attending anticyclones are found in the 
^^ northers'' of the western plains and Texas, and occasicmally the 
Great Lakes and the Atlantic and Gulf coasts are subject to gales 
frcmi HIOHS. 

The Weather Bureau warnings of wind force are expressed in 
terms of the Beaufort scale, a copy of which follows: 

*■ See also Chapters I and II. — Editor. 
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Beaufort scoUl 



Faroe. 



Deslgnatkm. 



HUBS per lianr. 



OOm 

Light air 

LkhtlireezeCorwIiid) 

Qiaito Ijreeze (or wind) . . . 
Modcnts breeid (or wind) 
Fr«sh breese (or wind) — 
Btrong breece (or wind) . . . 

Moderate gate 

Fresh gale 

Btronggale 

Whole gale 

Storm 

HnnlOBDe 



From Oto 8 
Otw 8to 8 
Over 8tol3 
Over 13 to 18 
Over 18 to 83 
Over 23 to 98 
Over 38 to 84 
Over 84 to 40 
Over 40 to 48 
Over48toM 
Over £6 to 65 
Over 65 to 75 
Over 75 



GBADIENT VEI/XTTr.^ 

. With the object of determining the relation between tke barometric 
gra<lient and wind velocity at Washington, D. C, five-year records 
were used, the 8 a. m. printed maps being employed. The gradient 
was obtained by taking the distance between isobars as shown on the 
maps. In cases where there seemed liability of error in obtaining the 
gradient the data were not used. light winds, or winds of 1 to 5 
miles an hour, were excluded. Extremely wide ranges of gradient 
were noted with winds of the same velocity, and it should be em- 
phasized that the gradient-velocity relation for Washington is a 
decidedly loose one, although there is the general underlying rule 
that the greater the gradient the greater the velocity. The following 
table presents a summary of observations arranged by velocities. All 
velocities of over 24 miles are omitted on account of the paucity of 
observations of such velocities in the five-year record, only eight 
cases being found. In the first column is given the velocity ; in the 
second the number of observations; in the third the average number 
of miles between ^inch isobars; and in the fourth a smoothed aver- 
age obtained by the use of the well-known smoothing formula, 

^ , the values being given relative weight according to the 

number of observations. 

^ In Ch. I gradient velocity la defined by the equation 



n 

which disregarda all frlctlona and In effect Implies the wlnda follow the laobon. Igno- 
rance of the valiie of the friction and other reflistancea prevents ns from fixing a mathe- 
matical relation between gradient and aotuai velocity. 
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Qradient velooQy table. 







Dlfferanoe 




Velocity 




between 




In miles 


OMes. 


ugeomphlo 
mfleifk . 


Sinootfied. 


per hour. 






« 


301 


341 


234 


6 


334 


319 


323 


10 


127 


196 


303 


12 


M 


178 


177 


14 


07 


153 


158 


1« 


18 


115 


139 


18 


14 


130 


138 


30 


13 


154 


-141 


33 


9 


118 


131 


34 





113 


110 



LOWS THAT INCBEA8E OR DECBEASE IK INTENSITY. 

When the intensity of a low is sufficient to produce winds of gale 
force, the forecaster has no option but to issue the necessary warnings, 
but as this condition is the exception and not the rule it remains for 
him to determine whether the low will increase in intensity and make 
necessary the issue of warnings or actually lose force. Moreover, he 
must constantly be on the alert to detect new developments, especially 
of secondaries, in order that no winds arise for which warnings have 
not been issued. This calls for a careful consideraticm of the 12- and 
24-hour pressure changes ; the detection of local wind circulations that 
are commonly the forerunners of secondaries ; a knowledge of peculiar 
types of pressure distribution that precede the development of lows 
of unusual depth ; and, in addition thereto, a comprehensive knowl- 
edge of the behavior of the different types of lows that appear on 
the weather map. These considerations are set forth in supplement 
Na 1, Monthly Weather Beview, 1914, some of which are repeated 
here. 

{a) Lows of great depth (low ban»neter level) in the Plains States, 
the Eocky Mountain, and the plateau regions usually lose intensity 
after reaching. the Mississippi Valley or the Great Lakes region, 
and their movement is then dow. SimXUsr lows m the Atlanta States 
either originate in t1^ StnUh or Southwest or eUe oa^ West 

as moderate disturbances untU the Eastern States are reached. The 
western and northwestern disturbances, when they become intense in 
the Eastern States, are usually preceded by an abnormal pressure fall 
extending far to the southeast of the storm center. (Garriott.) 

(b) Usually a low that moves to the left of its normal path in- 
creases in intensity.^ 

(c) Some other lows that increase in intensity seem to depend on 
marked horizontal temperature gradients. A rapid temperature rise 

^ See also dlecoaslon on tble rule In CSiap. V, p, 109. — ^Bditor. 
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in front of a low implies an increase in intensity, especially if the 
temperature is falling rapidly west of the storm center. 

(d) When the center of maximum 12-hour pressure fall is south- 
east of the LOW center, the low will show a marked increase in inten- 
sity. This does not apply to West India hurricanes nor to lows 
c f the Southwest. 

(e) When the area of the 12-hour pressure fall is circular, the low 
increases greatly. 

(/) A HIGH east of the Mississippi Eiver moving southward or 
southeastward in advance of a low indicates an increase in the low's 
intensity. 

(g) When the pressure fall is great and the center of greatest fall 
is near the storm center, a rapid increase in intensity may be looked 
for. 

(h) Lows do not increase when there is no precipitation attending 
them. 

(i) Lows will not ordinarily increase when there is no extensive 
pressure fall in the regicMi where the low center appears to be. 

(j) If there is a uniform distribution of temperature — that is, a 
"""" slight horizontal temperature gradient — lows will not increase in 

intensity. 

(k) Lows that move southeast generally decrease in intensity. 

{I) If the trough is narrow, there will be no immediate increase; 
=^ that is, not until the trough has widened and the temperature within 

^' the same has risen. 

DevelopmerU of lows. — ^There are several distinctive types of gen- 
eral pressure distribution that presage the development of lows of 
^ severity, and of these the following are regarded as the most im- 

iV ^ portant, primarily because of the fact that at times the appearance of 

the weather map does not indicate unusual weather conditions. 

One of these is characterized by a well-defined low in the central 
valleys, between or slightly south of two highs; one to the north- 
east and the other to the northwest (See the maps of Nov. 25, 1895, 
a. m. and p. m., figs. 125 and 126; Dec 26, 1904, p. m., and Dec 27, 
^ 1904, a. m., figs. 127 and 128.) In this case the low lies south of a 

belt of relatively high pressure, which connects centers of slightly 
higher pressure to the northwest and northeast, respectively. This 
type is usually productive of steep gradients in the northern quad- 
rants. Just as soon, however, as the eastern high increases its dis- 
tance from the western high, a good pressure fall sets in north of 
the center of the low, thus permitting the low to move northward be- 
tween the highs. The isotherms are generally crowded in the region 
of and to the north of the center of the low and bend well up be- 
tween the HIGHS. Precipitation, as a rule, is general with this type 

of LOW. 
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The second type is characterized by a ridge of hi^^ pressure, ex- 
tending eastward for a considerable distance from the primary high, 
which is generally located over the Bocky Mountain region, or the 
eastern slope. In the examples given (figs. 129 to 133), of which fig- 
ure 129 is probably the best example, the eastward extension of the 
HIGH breaks off or separates irom the primary and passes to the 
east or northeast as an independent high, small in comparison with 
the former. The separation of the eastward extension is generally 
indicated by the pressure change chart, on which one will probably 
observe a 12-hour rise in pressure over Tennessee or the Ohio 
Valley, separated from the main area of pressure rise to the west- 
ward. As the eastern or secondary high moves east a low develops 
in the neighborhood of Florida, passes up the Atlantic coast, and in 
all cases thus far noted becomes an energetic one. This type holds 
good even though there be no indication of a low over the east Gulf 
or South Atlantic States, as shown by precipitation, pressure fall, or 
low pressure. The proposition may be generalized somewhat as fol- 
lows : When any high separates itself from a main or parent high 
and moves eastward, a low develops to the south, or southwest of 
the moving high. 

A number of cases were taken and the average 12-hour pressure 
fall at the center of lowest pressure southwest of the eastern high 
was about 0.10 inch. Where there are two or three consecutive 12- 
hour periods of increase in the distance between the highs, this fall 
increases on the average up to about 0.20 inch. This type may be 
found in a number of positions. One case was found where the whole 
system had been turned counter clockwise, the western high being 
over the Gulf States and the eastern extension being over New Eng- 
land; while there were some indications of a low near Hatteras. A 
somewhat similar effect is noted when a high passes across the nor- 
mal path of a LOW that lies to the west of the high and results in an 
increase in intensity of the western low. 

The third type is that of the development of a well-defined ldw 
in the southern end of the trough of a northern low. Two cases 
are considered, depending upon the direction of movement of the 
primary low. (1) When the latter advances along the northern 
circuit and the secondary develops over the Gulf States, or even the 
Gulf itself. (2) When the primary advances from the southwest 
and passes up the Ohio Valley and the secondary develops over the 
east Gulf or South Atlantic States. In case (1) the secondary de- 
velops much farther south of the primary than in case (2). This 
fact makes it exceedingly difficult to give early warning of the in- 
tensity of the secondary. An excellent example of case (1) is 
afforded by the maps of February 28, 1914, a. m. and p. m., and 
March 1, 1914, a. m. and p. m. (Figs. 134-137.) 
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In connection with this series of maps there was prepared a series 
of hourly pressure change charts for the region east of the Missis- 




FiG. 138. — Pressure changes 8 a. m. to 12 noon, Febrnary 28, 1914. 

sippi River, in which the development of February 28 to March 1, 
1914, occurred. We have prepared from the data on which the 




Pig. 139. — Pressure cb:\nge noon to 4 p. m., February 28, 1914. 

hourly charts were based a series of charts, showing the cumulative 
pressure change for each 4-hour period, beginning with 12 noon of 
33692**— 16 15 
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February 28, 1914, and concluding with 8 p. m«, March 1, 1914. 
These charts (figs. 138-146) are reproduced below. They show clearly 




Fio. 140. — PRMore changes 4 to 8 p. m., February 28, 1914. 

that the intensity of a low, as determined by the 12-hour pressure 
fall, is sometimes transferred from the northern to the southern end 
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Fig. 141. — Pressure changes 8 p. m. to midnight, February 28, 1914. 

of the trough of low pressure that attends the primary low. Figures 
138 and 139 show that on February 28 the 12-hour pressure fall was 
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concentrated in two regions, a northern and a southern, and that in 
the early afternoon of that date the maximum fall was in the north- 




Fio. 142« — Pressure changes midnight to 4 a. m., March 1, 1914. 

em region. The chart for the 4 hours ending with 8 p. m. of the 28th 
(fig. 140), however, shows the region of maximum pressure fall con- 




Fio. 143.— Pressure changes 4 to ^ a. nt^ March 1, 1914. 

centrated about Savannah, Ga., and that the fall over the north- 
em district had greatly diminished. Thenceforth the northern low 
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diminishes in intensity, and what was left of it was absorbed by the 
southern i/>w, as it passed into the field hitherto occupied by the pri- 




Fio. 144. — Preasure changes 8 a. m. to noon^ March 1, 1914. 

mary or northern low. In the case in question pressure fell along the 
Middle Atlantic coast continuously throughout the 48 hours ending 




Fio. 145. — Presaure changes noon to 4 p. m., March 1, 1914. 

with 8 p. m., March 1, 1914, the total fall at New York and Nan- 
tucket being slightly over 1^ inches of mercury. To the phenomenon 
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just described the term '^ swinging trough "^ is tentatively suggested. 
Figures 147 and 150 are additional illustrations of the phenomenon 
described. 

The best evidence so far found as to the formation of such a storm 
is a cyclonic circulation of the wind or a localized 12-hour fall of 
pressure in the southern end of the trough. If both occur, the sec- 
ondary will certainly develop. The pressure fall is the earliest in* 
dication. The primary liow in most cases begins to lose intensity, fill* 
ing up as soon as the secondary begins to develop. In a few cases both 
primary and secondary developed, but later the primary decreased in 
intensity and the secondary developed further. This double develop- 
ment was noted only with south and southwest lows ; that is, in cases 
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Fio. 146. — ^Pressure cliangeB 4 to 8 p. m.» March 1, 1914. 

where both primary and secondary come from the south or southwest 
A very important action to watch is the movement of the primary. 
The best developments take place when the primary moves slowly. 
If the primary low is of northern origin and moves slightly south- 
eastward instead of east, there is a marked development of the sec- 
ondary in its trough. 

Here follow a number of observations on increasing. Iowa. 

With regard to temperature. — Some lows having isotherms crowd- 
ed and parallel increase materially, and others, having isotherms 
separated, increase in intensity. Some increase with temperature 
around them below and others above normal. 

1 Dumb-bell formation baa also been suggested. — Editor. 
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ReloHve magnitude of the eastern and western Mghs. — ^Lowb that 
increase in intensity in the West generally have the greater high 
in the East; while those that increase in the East generally have 
the greater high to the North or Northeast 

Precipitation. — ^Lows that are not attended by precipitation do not 
increase materially in intensity. Grenerally speaking, ix>ws attended 
by general and widespread precipitation will probably attain greater 
energy than those attended by light to moderate precipitation; that 
is, we may expect greater developments when precipitation is general. 

Pressure fM} — ^It has been said that if the 12-hour pressure fall 
is greater than one-half the 24-hour pressure fall, the liow will in- 
crease in intensity. This is hardly a safe rule, because in only about 
67 per cent of the time is this true. If we consider only cases where 
the 12-hour pressure change is more than 0.10 inch greater than one- 
half the 24-hour fall, this percentage is increased to 78. 

With regard to the direction of the center of greatest 12-hour 
pressure fall from the center of the lows Northwest liows, as far as 
observed, give greatest increases in intensity when the maximum 
pressure fall is southeast of the low center. For lows in the East, 
the greatest decreases in pressure at the center result when, the center 
of maximum pressure fall is between north-northwest and north- 
northeast of the center of the low. Possibly this rule might be gen- 
eralized as follows: Lows increase in intensity when the center of 
maximimi 12-hour pressure fall is ahead of the center of the low 
and on its normal path. 

hurricanes. , 

The following are extracts from Monthly Weather Review, Sup- 
plement No. 1, page 10, under the title "Recurving storms," and 
are considered the most important rules for the guidance of the 
forecaster in determining the course of the hurricane. 

(1) A hurricane does not move directly toward a region of high 
pressure when the latter is not moving perceptibly, but follows in 
behind or around the high. If the high moves over the Eastern 
States east or northeast off to sea at a normal rate of progression, 
opening a trough after it, the hurricane moves north or northeast 
in a normal path. If the high hangs persistently over the eastern 
coast of the United Stateis, the hurricane is deflected far to the west 
before it can recurve. 

(2) If rain falls freely over the land in advance of the hurricane 
it is likely to lose intensity after crossing the coast line; if the down- 
pour begins after reaching land, it is probable that a long, vigorous 
march is yet before it, except those moving westward over the Gulf 
of Mexico, which usually dissipate after reaching the coast. 

^ Bee also Chap. IV.— Editor. 
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(8) When a West India hurricane is moving westward in the 
longitude of eastern Cuba, and is north of that island, it wiH recurve 
east of the south Atlantic coast of the United States, when a high 
covers the northwestern States. If the hurricane is moving west- 
ward over Cuba or the western Caribbean Sea, when a liow occupies 
the northwest and the pressure is high in the Eastern States, it will 
probably move to the Gulf of Mexico and reach the Gulf coast after 
recurving. . 

• (4) It may be assumed that with a nearly normal distribution 
and movement of atmospheric pressure areas over the United 
States, hurricanes will recurve near longitude 80° and between lati- 
tudes 25° and 28° N. When a hurricane is central east of Cuba 
and a high is advancing eastward over the Gulf and South Atlantic 
States, the hurricane will probably recurve east of the Bahamas. 
When the hurricane reaches central Cuba or longitude 80° W., and 
a high is over the west Gulf and the southwestern States, the hur- 
ricane will probably recurve over Florida or the east Gulf. When 
the hurricane reaches the seventy-fifth meridian, and a high is over- 
spreading the interior and eastern districts of the United States with 
stationary or falling barometer over the west gulf and southwestern 
States, it will probably advance westward over the Gulf of Mexico. 
When a hurricane is moving northwestward toward the south At- 
lantic or middle Atlantic coasts of the United States,' and the pres- 
sure is abnormally high over the northeastern States and the Ca- 
nadian Maritime Provinces, the chances are that the storm will not 
recurve, but will be crowded in upon the coast and develop destruc- 
tive energy. (Grarriott.) 

Espy remarks in his Fourth Meteorological Report that — 

A sudden rise of the barometer, especlaUy In low latitudes, Is a proof that 
there is a storm in the neighborhood, and is one of the first indications of an 
approaching storm. 

Espy considered it a fact fully established that without such a rise 
no storm of dangerous violence need be feared, but that the converse 
of it was not true. 

Further remarks concerning the movements of cyclones given in 
Weather Bureau Bulletin A, Summary of Meteorological Observa- 
tions — ^Dunwoody, Washington, 1893 — and an abstract of an unpub- 
lished manuscript by the late Prof. E. B. Garriott follows: 

During the three principal cyclone months, August to October, the storms 
generally recurved near or immediately east of the Florida peninsula. This 
is merely an average, however, and many of the cyclones of these months 
recurved far to the eastward of the Bahamas and others over the Gulf of 
Mexico. Again a number of the more energetic and destructive storms had no 
recurve and advanced westward over the Gulf of Mexico. The recurve of 
storms in the West India and Gulf of Mexico regions is dependent upon the 



Digitized by 



Google 



232 WEATHEB FORECASTING IN THE UNITED STATES. 

general meteorological conditions, and more especially npon the dlstribiition 
of atmospheric pressure. 

The anticyclone or high of the North Atlantic Ocean lies northeast of the West 
Indies and causes easterly winds over the southern part of the ocean and the 
Caribbean Sea. The storms that develop in the regions east of the West 
Indies, and also those of a more western origin, have a tendency to follow the 
course of the main equatorial current over the Caribbean Sea. This course 
is doubtless largely influenced by the general drift of the atmosphere in that 
region, and following the anticyclonic circulation of winds the cyclones skirt 
the western quadrants of the Atlantic high and follow the course of the Gulf 
Stream to the middle latitudes. This may be considered the usual course dt the 
West India cyclones when the usual meteorological conditions obtain over the 
west-central North Atlantic Ocean and eastern part of the United States. In 
cases where storms that originate near the West Indies do not recurve to the 
northward but move westward over the Gulf of Mexico high pressure to the 
northward apparently prevents the recurve. Observation has shown that when 
the advance of a storm of pronounced strength is forced or held back by a 
high which persistently occupies the region through which the storm would 
pass with the prevalence of usual conditions, the storm acquires destructive 
energy before filling up or dissipating. 

Among notable storms of this class may be mentioned the cyclone of August, 
1886, which totally destroyed the city of Indianola, Tex., and the cyclone of 
September, 1888, which raged with destructive violence In Cuba. These 
storms were apparently unable to recurve, owing to the high-pressure obstruc- 
tion to the northward. Forced westward, they developed intense energy and 
dissipated, one on the southeast slope of the Rocky Mountains, and the other 
over eastern Mexico. An almost entire absence of reports from the region east 
of the Windward Islands prevented the tracing of storms to their place of origin. 
It is supposed that storms which advance ft^m east of the Caribbean Sea 
develop in the region of equatorial rains and are carried thence eastward by 
the prevailing wind currents. During the period 1878 to 1887, inclusive, no 
West India cyclones were traced south of the tenth parallel, and the southern- 
most position occupied by a West India cyclone center vras N. 10, in W. 44, in 
October, 1887. 

The velocity of West India cyclones average 18 miles per hour befwe the 
recurve, 10 miles per hour during the recurve, and 24 miles per hour after 
the recurve. 

An unpublished manuscript by the late Prof. E. B. Garriott men- 
tioned above deals especially with the details concerning the move- 
ment of two West India hurricanes, namely, those of August 17-30^ 
1886, and August 2&-29, 1893. These two examples illustrate, in the 
one case, a hurricane which does not recurve and, in the other, a 
hurricane which recurves near the Atlantic coast line and moves 
northeastward. The weather maps of August 17-20, 1886, and of 
August 25-29, 1893, are reproduced to illustrate the details of pres- 
sure distribution in these two cases. (Figs. 151-158.) 

It is pointed out by Prof. Garriott that in the case of the hurri- 
cane of 1886 the distribution of pressure, as shown by figures 161-154, 
was not favorable for a recurve and that in the case of the hurricane 
of August, 1898, pressure distribution was different in that a low 
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occupied the northwestern part of the United States, and that in its 
eastward movement it developed into a trough of low pressure, so 
that the northeastward movement of a West India hurricane was 
facilitated. Detailed descriptions, especially of the 1893 hurricane, 
appear in Monthly Weather Review, Volume XXI, pages 207-209. 

Likewise, a description of the earlier hurricane may be found in 
Monthly Weather Review for August, 1886, Volume XIV, page 210. 

See also a later paper on West India hurricanes. Weather Bu- 
reau, Bulletin X, Hurricanes of the West Indies, by Prof. 0. L. 
Fassig. The last named contains a chronological list of hurricanes 
of the West Indies and charts showing the paths of West India hurri- 
canes for the several years covered and much other valuable and in- 
teresting information. 

It has been shown that the course of West India cyclones is gov- 
erned by the distribution of pressure over the United States. When 
a storm of this class is within 24 to 86 hours average travel of the 
Florida coast its subsequent course can be closely calculated. It 
can not recurve in the face of an approaching high from the west 
or northwest. Therefore when a cyclone is central over or near Cuba 
and moving in a westerly direction the forecaster should study the 
pressure distribution over the United States. If a high is approach- 
ing over the central valleys and the Great Lakes the storm will not 
reach the Atlantic Coast States but will recurve east of the coast 
line or pass into the Gulf of Mexico, and in the latter case it is 
likely to reach the Gulf coast after the passage of the high. If, 
however, a low appears over the Western States or the Northwest 
when a cyclone has advanced to the longitudes of Cuba the latter 
may be expected to reach the United States coasts. The northwest 
LOW will move eastward attended by a decrease of pressure and, if 
it possesses sufficient strength, will, in conjunction with the west- 
ward moving West India cyclone, dissipate the South Atlantic 
States' high and form a trough of low pressure which will cover the 
Eastern States and form a pathway for the passage of the cyclone. 

NORTHERS AND BLIZZARDS. 

The origin of the northers of Texas and the Gulf of Mexico is 
discussed at some length in the early numbers of the Monthly 
Weather Review. (See Vol. 21, pp. 226 ^nd 363.) 

Ferrel^ says of the norther: 

It is seen that in cold waves and northers we simply have the nsual trough 
phenomena of cyclones In their passage over a place, where these phenomena 
are well marked. These, we have seen, occur mostly in winter, and in latitudes 
where cyclones have an easterly progressive motion and rarely in summer ; and 

^A Popular Treatise on the Winds, p. 327 : New York, 1889. 



Digitized by 



Google 



234 WEATHER FOBECASTING IN THE UNITED STATES. 

precisely the same is true of cold waves and northers. In all there are, first, 
mostly southerly and southeasterly warm and damp winds, accompanied by a 
gradually falling barometer, which toward the last becomes very rapid. Then 
comes the dividing line between the warm southerly and southeasterly winds, 
and the cold northwesterly winds, which, on account of the great difference of 
temperature, do not readily mix, and so there is a sudden passage from the one 
to the other. There is, on this line, a very steep pressure gradient for a short 
distance, which, however, soon passes over, and during this time the squalls are 
often terrific ; after which there are, for several days, the usual westerly winds 
of the rear of the cyclone. 

In the light of the daily weather maps the norther is a strong, 
cold wind from the north or northwest, which blows on the west 
side of a well defined low when the latter is situated over Texas or 
the Gulf Coast. The name is due to local usage, before the begin- 
ning of daily weather maps; hence it has no very special significance. 
In California the name has been given to a very warm dry wind 
that descends to the valleys from greater altitudes. 

Blizzards. — When very low temperature is associated with the 
conditions which produce a norther the resulting phenomenon is 
popularly known, especially in the Plains States, as a blizzard. The 
conditions are as follows : 

When the pressure is high and the temperature is low over the 
Canadian Bockies, and a well marked low lies to the south with a 
steep barometric gradient, the low will usually move southeast and 
east and the high will push southeastward with northerly gales, 
rapidly falling temperatures and some snow, and conditions assum- 
ing the proportions of a blizzard will ensue over the eastern slope of 
the Bockies that are especially dangerous to exposed cattle and 
warnings should be issued to ranchmen well in advance. (See maps 
of Jan. 28-30, 1909; Mar. 13-15, 1913.) 

Northers in the Oulf of Mexico (Pilot Charts, November). — ^During Novem- 
ber the "nortes," or northers, become established, and occur occasionally aU 
winter. In the earlier months of the season they are of frequent occurrence 
and long duration, attaining full strength in a few hours, and often lasting two 
days or more. Later they occur less frequently and are of shorter duration, 
but of somewhat greater violence. The usual indications are a steady wind 
from the south, with clear atmosphere in that direction, but with a peculiar 
haze toward the north, falling barometer, and warm moist, oppressive atmos- 
phere, with a heavy cloud bank, and lightning to the northward. Soon the 
wind shifts in a heavy rain squall, and the gales set in from the northward, 
with cold and sometimes clear weather. 

In winter a norther is almost invariably attended by a cold wave; 
hence it is convenient to combine the warnings with those for the 
cold wave. In the autumn and late spring months, when cold wave 
warnings are not issued, daily forecasts should contain mention of 
the occurrence of northers. 
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« 
STORM WINDS ON THE ATLANTIC AND GULF COASTS. 

By H. C. Fbankenfield, Professor of Meteorology. 

Along the New Englamd coast. — ^The most dangerous winds are 
those from the east or northeast, principally the latter, and it is wise 
to order northeast warnings as soon as a southern or southwestern 
LOW comes within 700 or 800 miles of southern New England, provided 
there is a high, if only of moderate proportions, to the northward. 
Under this condition a moderate low as far south as the lower 
Mississippi Valley, in winter, the east Gulf coast, or northern Florida, 
if moving northward or northeastward calls for northeast warnings 
on the New England coast, as these southern lows almost invariably 
increase greatly in intensity and velocity of progression as they move 
northward, particularly if pressure at Bermuda is quite high. If 
the ocean pressure off the south coast is not high, the low will 
probably be less severe. If the low is a southwest one, and the 
middle Atlantic pressure is low, the interior storm center may turn 
eastward after reaching the upper Ohio Valley and pass off the New 
Jersey coast This departure would cause high northerly winds over 
southern New England, but probably not north of Boston, as the low 
would probably decrease, or at least would not increase in energy 
after turning to the eastward. 

High winds from the southeast are very infrequent,^ and will not 
occur except with steep barometric gradients. For this reason south- 
east warnings should not be ordered unless the gradient on both sides 
of the storm is very pronounced. If the forecaster feels that he must 
order a southeast warning, he should include in the warning an order 
to change the warnings to southwest or northwest within a compara- 
tively short time. It will not be necessary to change to northeast 
unless a mistake was made in the original order. 

High southwest winds are probably the most frequent of all high 
winds on the New England coast They occur mainly when a well- 
defined LOW from the west moves across New England by way of the 
upper Great Lakes or the Ohio Valley, provided pressure is fairly 
high to the eastjward and southward. The southwestern lows are 
the best type of a high southwest wind producer, as they usually move 
up the Ohio Valley with steadily increasing intensity, resulting m 
such steep barometric gradients that high winds must occur. Warn- 
ings of southwest winds for the New England coast should usually 
be ordwed when the low is over the Province of western Ontario, 
western Lake Erie, or the Upper Ohio Valley. Should there be a 

> See the Uble on p. 280.— Editor. 
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strong but yielding high over northeastern Canada or northern New 
England the winds will not rise to high velocities very quickly, and it 
may be 15 or 18 hours after the center of the low has reached the 
localities above mentioned before the winds increase materially, 
swinging first around to southeast and south. 

The northwest winds following a decided low will also call for 
warnings; although being offshore winds, they are less dangerous 
than others. They set in as soon as the center of the low passes and 
the temperature begins to fall, and frequently they will continue 
with high velocity for some hours after the barometric gradient indi- 
cates that there should be a decided moderation. Sharp temperature 
gradients over limited areas are probably responsible for much of 
this behavior, and the winds appear to lessen when the temperature 
gradient becomes fairly uniform. 

As a general proposition the highest winds along the New England 
coast occur between Boston and Block Island, and especially from 
Block Island to Nantucket. The recorded wind velocities at Boston 
do not give a fair indication of those prevailing outside the bay, but 
reports from Highland Light, at the entrance of Boston Bay, which 
are always available, give the true conditions. Small-craft warnings 
are of benefit to fishing craft at all seasons and to pleasure craft in 
summer. 

On the Middle Atlantic coast. — ^The remarks regarding high winds 
along the New England coast apply almost equally well to the Middle 
Atlantic coast. Warnings, however, are needed less frequently south 
of Delaware Breakwater, and at times there occurs a type of storm 
moving across the South that will necessitate northeast warnings on 
the Virginia coast, but no farther northward. For storms moving 
northeastward, Hatteras is probably the southern limit for northeast 
warnings; warnings for points below Hatteras require southeast to 
southwest warnings at first, usually the latter. Again, high velocities 
with the shift of winds to the west and northwest are not so long 
drawn out as along the New Jersey and New England coast& 

A local peculiarity should be mentioned — ^that is the tendency at 
the least indication toward increasing winds on the New Jersey 
coast between Bamegat and Long Branch. High winds are much 
more frequent over the northern portion of the Jersey coast than 
over the southern portion, and between Sandy Hook and Point 
Pleasant east winds are especially strong. This condition appears 
to extend from the coast line between Sandy Hook and Point 
Pleasant eastward as far as the island of Nantucket and probably 
into the Cape Cod district. The section between Nantucket and 
Long Branch is known, at least to the New Jersey fishermen, as 
the ^ Graveyard of the Atlantic.'^ A pecularity of this strong east 
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wind is that it does not extend into Long Island Sound, nor to New 
York City to any great extent, where the anemometer is more than 
400 feet above the ground, nor very far south of Bamegat. At New 
York City the east wind velocities are not nearly as high as at Long 
Branch, 80 miles below on the open coast At Long Branch it is 
only the easterly winds that are the stronger, while at Block Island 
and Nantucket both easterly and southwesterly winds are abnor- 
mally high. With westerly and northwesterly winds the differences 
are not so marked, and New York City with the present anemometer 
exposure will show higher velocities than any other station on the 
north coast In general, it may be said that when east winds blow 
on the New Jersey coast they will be much stronger over the northern 
portion. 

Small craft- warnings are of use along the coast, those for easterly 
winds especially, to the fishermen along the New Jersey coast 
Their nets are kept out in fair winds, but easterly winds whose 
velocities exceed 20 miles an hour are very likely to tear loose and 
destroy the nets. If warning is given, the nets can be saved by sink- 
ing them below the surface of the water. 

On the South AUantio coast. — ^As the South Atlantic States are 
away from the usual storm tracks, warnings are needed much less 
frequently than along the Middle Atlantic and New England coasts; 
and along the southern Florida coast warnings of any kind, except 
an occasional small-craft warning, are very infrequent. 

The most important and at the same ti*ne the most frequent storm 
warnings are the northeast ones, the southwest ones ranking next. 

Northeast warnings are indicated for the Carolina and Georgia 
coasts, and occasionally at Jacksonville when lows are moving north- 
eastward across the Gulf of Mexico, and they should be ordered as 
soon as the storm center is over, or south of, southern Alabama. On 
the other hand, if the center of the low is over northern Alabama or 
even over northern Mississippi, and is moving with fair velocity, 
northeast warnings should be ordered for the North Carolina and the 
Virginia coasts. Should a tropical storm be approaching, northeast 
warnings should be ordered for southern Florida, if possible, when 
the storm center i3 24 hours distant, and they should gradually be 
extended northward as long as subsequent reports indicate a storm 
movement toward the State of Florida. These tropical disturbances 
supply about the only occasion for the display of northeast storm 
warnings over any portion of the Atlantic coast of Florida. If the 
storm be a severe one, the northeast storm warnings should be re- 
placed by hurricane warnings as soon as possible, 24 hours' warning 
of the approach of a hurricane being none too little. 
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When northeast warnings are ordered on the North Carolma 
coast for i^ows movmg across northern Mississippi or northern Ala- 
bama, southeast warnings, with a view to an early change to south- 
west, should be ordered for the South Carolina coast, and possibly 
also the Georgia and north Florida coasts if the disturbance is a 
marked one. Should there be a slow-moving high over the Atlantic 
Ocean, the storm coming from the Gulf States, the Gulf of Mexico, 
or the southern portion of the North Atlantic Ocean will be more 
contracted and will likely prove move severe than if pressure over 
the ocean to the northward were lower. However, the lows moving 
northward or northeastward will almost invariably increase in in- 
tensity without regard to pressure conditions in front of them, ex- 
cept when there is a very strong high to the northward or northeast- 
ward. This distribution will sometimes, although not always, hold 
a southern low in check, and may even cause it to change into an 
irregular and almost stationary low with general rains or snows, but 
no high winds. 

gFA SWELLS. 

An important feature in connection with the approach of tropical 
storms from the southern portion of the North Atlantic Ocean or 
from the Gulf of Mexico is the observation of the character and di- 
rection of the sea swell and also the heights of the tides. A sek swell 
will often give advance notice of the coming of a storm, sometimes 
before the appearance of the cirrus clouds, and a long time — some- 
times two or three days — ^before falling pressure and changing wind 
direction indicate that a storm is coming. Beports of such sea 
swells are of the greatest importance, and observers should seize 
every opportunity to make them as frequent and as complete as 
possible. Abnormally high tides also frequently indicate the ap- 
proach of a storm, and such occurrences should also be reported. Of 
course, radiograms of the present day have largely obviated the 
necessity for. such careful reports of sea swells and tides, but they 
are nevertheless of great importance and assist in confirming in- 
formation obtained from radiograms. 

These remarks apply equally well to the Atlantic and Gulf coasts. 



Digitized by 



Google 



WEATHER FORECASTING IN THE UNITED STATES. 



239 



STORM WINDS ALONG THE AlliANTIC COAST. 

The discussion for each of the geographic districts concludes with 
a table similar to the one below. 

Percentage of storm winds from the north, northeast, etc., for each station 
on the Atlantic coast, 1905 to 1914, inclusive, and verifying velocities (miles 
per hour).^ 



stations. 



N. 


NE. 


E. 
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SW. 
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NVT. 
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14 
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16 
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11 
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11 
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28 


26 




26 
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45 


14 
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14 
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44 


16 
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24 


81 




6 






6 




19 


24 


80 


14 






8 
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82 


29 


8 






8 




12 


29 




10 






13. 


87 


14 


17 


11 


28 


18 




14 
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7 
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11 




12 


12 


31 


20 




5 






17 


64 


10 


6 



Veriiytog. 
velocity. 



EastportyMe 

fankadfUo 

Boston, Mass 

Nantacket. Mass 

Bloekl8land,R.I 

New Haven. Conn. 

N0wYork,N.Y 

AtlanUc City, N.J 

Philadelphia, Pa 

Delaware Breakwater, Del.. 

Baltimore, Md. 

Norfolk, Va. 

Cape Henry, Va 

Hatteraa.N.C 

WUmington, N. C 

Charleston, 8. C 

Savannah. Oa 

Jacksonville, Fla 



34 
32 
82 
40 
44 



30 
40 
26 
36 
40 
40 
30 
36 
36 
34 



> The hichest verifying velocity for each storm was tabulated for the period of 10 years for each of the 
Sprhicipalpoints of uie compass, one entry only being made for each storm that gave a verifying velocity. 
The table snows, therefore, the distribution of verifying velocities aooofding to the points of the compass. 
The number of stonns used varied according to the latitude of the station, northern stations having a 
greater number than southern. 

THE GUIiF COAST. 

(?n the east Cfidf coast. — Storm warnings are not often required 
on the Florida coast south of Tampa, and very nearly all of them are 
northeast warnings necessitated by the approach of tropical storms. 
As on the Atlantic coast, these warnings should be ordered, if possi- 
ble, 24 hours before the storm reaches any given locality, and the 
hurricane warnings, of course, should replace the storm warnings as 
soon as the approach of a violent storm is indicated. Barely south- 
west warnings may be needed on the southern coast, if a storm passes 
eastward over the Gulf of Mexico with its center a few hundred miles 
south of the middle coast. This, however, is a very unusual condition 
and one that need not be elaborated. From Tampa northward to 
Cedar Keys southwest warnings are indicated when a storm passes 
through the southern portion of the Gulf States or the northern por- 
tion of the Gulf of Mexico, and a change to northwest will usually be 
necessary before the wind finally diminishes. Northeast warnings 
are of course needed for tropical storms, just as at other points in the 
Florida Peninsula. From Cedar Keys westward storm displays are 
of more frequent occurrence and they are usually southerly warnings, 
necessitated by lows passing northeastward through the Gulf States, 
and a change to northwest will also be necessary as the low passes. 
At times it will first be necessary to order southeast warnings when 
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the storm center is some distance to the northwestward, but as a rule, 
the southeast wind is not of long duration nor as strong as those from 
the southwest An exception should be noted for the stretch of Gulf 
coast between Carrabelle and Pensacola, Fla. Here the southeast 
winds blow from the open Gulf with great velocity — ^mudi higher 
than indicated by the barometric gradient — and these southeast winds 
are frequently persistent for a considerable time, while no high winds 
are blowing either to the eastward or to the westward so far as station 
reports indicate. 

Northeast warnings are advisable whenever a low is moving across 
the Gulf from the west or whenever a tropical disturbance has entered 
the Gulf and has recurved over the middle Gulf. Should a tropical 
storm move northwestward and recurve over the Florida Peninsula, 
or a short distance to the westward, northwest warnings would be 
needed from the mouth of the Apalachicola River westward. 

The LOWS that reach Texas and then move northeastward will 
usually cause strong winds on the Gulf coast, and they frequently call 
for display of small craft warnings from Mobile Bay eastward to 
. Cedar Keys, and rather less frequently for southeast storm warnings 
from Pensacola to Carrabelle. It appears that whenever the barome- 
ter over Texas reads about 29.75 inches, with a pressure of about 
30.30 inches over Florida, small-craft warnings will be needed on the 
east Gulf coast and, if the storm does not turn too sharply to the 
northeastward, southeast and southwest storm warnings will also 
be needed north and west of Tampa. 

On the west Gulf coast. — Storm warnings on the Louisiana coast 
are not frequently needed, and those ordered are usually for south- 
east and southwest winds with a later shift to northwest. They are 
necessary whenever lows of well-defined character move northeast- 
ward across central or southern Texas, and the velocity of the wind 
will increase as the paths of the storm centers incline southward 
toward the Gulf. Northeast warnings are indicated, though rarely, 
with storms coming up from Mexico or the extreme southwest, via 
the mouth of the Rio Grande and the west Gulf of Mexico. Such 
disturbances are apt to increase in intensity as they move northeast- 
ward, but it is safe to order the warnings just before the storm leaves 
the mouth of the Rio Grande. Should there be a pronounced hij^ 
not very far to the eastward and northeastward and the low center 
be well defined, the winds will increase about as soon as the low 
center leaves the Gulf coast, and northeast warnings should be 
ordered shortly before that time, changing later to northwest as the 
storm center passes. Should a tropical disturbance move across the 
Gulf near or close to the Texas coast, as sometimes occurs, and then 
recurve, northeast warnings will also be required with a change to 
northwest as the storm center passes. If the storm should recurve 
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far to the southward and then increase in energy, it might be neces- 
sary to order hurricane warnings for the Louisiana coast, and even to 
the Texas coast at times. Winds on the Texas coast appear to be 
much stronger than on the Louisiana coast and blow mainly from 
the southeast and south. Here warnings are needed quite frequently, 
at least small-craft warnings, and whenever a strong high with 
a decided drop in temperature follows a low through Texas, there 
will be a shift of winds to the northward with a decided increase in 
velocity, very often reaching the proportions of a moderate gale. 
It is important to forecast these northwest gales for Oalveston par- 
ticularly, as at that point north winds drive water from the bar and 
prevent deep-draft boats from entering the harbor. 

STORM WINDS AUONG THE GUI4P COAST. 



Percentage of storm winds from the north, northeast, etc,, for each station 
of the Oulf coast, 1905 to 1914, inclusive, and verifying velocities in miles 
per hour^ 
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11 
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1 
8 
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10 
21 
18 
25 
11 
42 




18 
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14 
20 
17 
13 
7 
1 



22 

12 


89 
12 
17 
31 
14 
38 
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33 


TampA, Pia 


28 


"Petiiwwlft, Fla.. 


40 


Mobile, Ala 


38 


New OrlwoiA, liO 


30 


Galveston, Tex 


32 




38 







1 The hldiest verUVIng velocity for each storm was tabulated for the period of 10 years for each of the 
8 prjnclpalpoints of the compass, 1 entry only being made for eaoi storm that gave a verifying 
velocity. The table shows, therefore, the ditribution of verifying velocities aooording to the points of 
the compass. The number of storms used varied aooording to the latitude of the statton, northern stationa 
having a greaternumber than soothem. 



STOBM WINDS ON THE GREAT LAKES. 

Lake Superior. — ^The most important storm warnings that are dis- 
played on Lake Superior are those for northeast winds, which gen- 
erally back later to northwest, as most of the lows causing high winds 
over Lake Superior pass to the southward of the lake. Sometimes 
lows move eastward over the Canadian Northwest and over Lake 
Superior; these lows call for southeast warnings changing to north- 
west as the center passes. Occasionally when the barometric gradi- 
ent is very steep it may be advisable to begin with a southeast warn- 
ing, changing to southwest as the center approaches and changing 
to the northwest as it passes. Probably the most severe of these 
storms are those that move southeastward over the Plateau region 
or along the eastern slope of the Rocky Mountains and then turn to 
the northeastward after reaching Nebraska or Kansas. These almost 
invariably increase in intensity as soon as they turn to the northeast- 
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ward; and, should there be moderate high over the extreme north, 
very severe northeast gales with heavy snows will occur from late 
autumn until late spring. Care should be taken not to order too many 
warnings, but no chances should be taken whenever increasing north- 
east winds are indicated. It should be remembered, however, that it 
is not essential for a low from the southwest to have a marked high 
in front of it. The natural increase in the low will serve to build 
a relative high to the northeastward and cause high winds, pro- 
vided there is some rising Dressure with falling temperature to the 
westward and southwestWard. Should this condition be lacking 
to the westward, it is not probable that there will be any severe east 
to north gales on Lake Superior, notwithstanding the fact that the 
barometer may be quite high to the northward and eastward ; and it 
appears to be an essential condition, as said before, that there should 
be rising pressure and lower temperature in the rear of the storm. 
The map of April 24-25, 1914, will illustrate this point 

Southeast to southwest winds are the least dangerous on Lake 
Superior; and in cases of doubt as to whether or not the winds will 
be strong, the small-craft warnings will usually answer every pur- 
pose for southeast to southwest winds, unless snow is expected, in 
which case it is better to order storm warnings, even though the 
forecaster does not think that the verifying velocity will be reached. 
Navigation in a snowstorm is the most difficult work that a vessel 
master is called upon to perform, and the knowledge that the winds 
will increase, even though they do not become high, will be of the 
greatest value to him. Of course, with a northeast storm, no chances 
can be taken, especially if snow is indicated, as a northeast wind of 
even 25 to 30 miles an hour blowing steadily for half a day will 
create a high sea, which will be continued when the winds back to 
northwest; whereas south to southwest winds of even 40 miles an 
hour will not make much trouble unless accompanied by snow. 

Lake Michigan. — It often appears that a low moving directly 
across Lake Michigan necessitates northerly warnings for the north 
portion and southerly warnings for the southern, both being com- 
bined in a northwest warning as the storm passes. It also happens at 
times that a northeast warning will be indicated for Lake Michigan 
and not for Lake Superior or for southern Lake Michigan and not 
for northern Lake Michigan. These cases arise when a marked dis- 
turbance is passing across the Central Valley from the southwest, 
when the first warnings will be northeast and afterwards northwest 
On the west shore of Lake Michigan heavy southwest winds are not 
usually dangerous, except in Green Bay, and small-craft warnings 
will answer for any winds short of a fresh gale, provided no snow ac- 
companies the wind. On the east shore, however, westerly winds 
naturally create a heavy sea, and the southwest and northwest wam- 
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ings are of more importance than the northeast wammgs, so far as 
the immediate vicinity is concerned. Of course, as the lake is narrow, 
information regarding northeast winds is just as important as on 
Lake Superior or western Lake Michigan, because when a boat leaves 
the east shore bound west ot northward it will not be long before 
it will come under the influence of the northeast wind should such 
be blowing. Naturally every precaution should be taken when snow 
is indicated. 

Lake Huron. — ^The remarks regarding Lake Michigan apply with 
almost equal force to Lake Huron. 

Lower Lakes. — Storm warnings on the Lower Lakes usually begin 
either with northeast or southwest warnings; if the latter, they will, 
in most cases, be followed by a change to northwest as the storm 
center passes. Northerly warnings, whether northeast or northwest, 
are perhaps the most important on these lakes. Northeast warnings 
are indicated with the approach of lows from the southwest, and, 
if there is a fair gradient to the northward, they should be ordered 
about the time the storm center reaches the lower Ohio Valley, 
Occasionally liows come up from the south, moving northeastward 
from the west Gulf States. These also call for northeast warnings 
on the Lower Lakes, and they should be ordered about the time the 
LOW covers the northern portion of the east Gulf States. Very rarely 
a LOW moving up from the South Atlantic States will back in suffi- 
ciently to necessitate northeast warnings for Lake Ontario. South- 
west warnings are perhaps more frequent than any other on the 
Lo^er Lakes, and they are indicated by the passage of the numerous 
LOWS from west to east over the northern portion of the country. It 
may occasionally be necessary to begin with a southeast warning 
when the storm center is around the upper Mississippi Valley, but 
in such cases the message should also contain the information that 
the wind will change to the southwest and should give the time if 
possible. The highest velocities will be found to occur with the 
southwest storms, particularly over Lake Erie. Before the storm 
center passes warnings will usually be changed to northwest, from 
which direction the wind will blow with undiminished velocity for 
some time after the low passes, particularly if there has been a 
decided fall in temperature accompanying the western hioh. 

Here again it must be noted that unless there is a strong rising 
pressure to the immediate westward with lower temperatures, very 
high velocities will not be reached, even though the gradient may be 
steep with a fair high in front of the low. Of course, as on the 
Upper Lakes, it will be advisable, if the winds are blowing from the 
northeast witii or without snow, but especially with snow, to take 
* no chances. As southwest warnings in most cases are much less 
dangerous, small-craft warnings will frequently serve unless snow 
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is indicated; but if there is a fair gradient to the west, it is alwajB 
ad^dsable to hoist the warning indicated. High winds on the Lower 
Lakes are more frequent than on the Upper, due most likely to the 
fact that most of the lows either from the Northwest, Southwest, or 
Central West, move northeastward by way of the Lower Lake region 
and the St. Lawrence Valley. 
See the table of storm winds on the Great Lakes, page 252. 

THE NORTH PACIFIC COAST. 

By B. A. Beals, District Forecaster. 

As practically all the storms affecting the North Pacific States 
come from the Pacific Ocean, where there are no weather stations, 
the first intimation of an approaching storm is indicated by the two- 
hour pressure changes at Tatoosh Island, North Head, Marshfield, 
and Eureka. During the last three years valuable information has 
been obtained from the Alaskan stations. 

If the two-hour pressure changes from Tatoosh Island, North 
Head, Marshfield, and Eureka show the greatest fall at Tatoosh 
Island and a slightly less fall at North Head, no change at Marsh- 
field and a slight rise at Eureka, the center of the depression is either 
in the Alaskan Bight of the Pacific Ocean or over the western por- 
tion of British Columbia. 

If the two-hour fall is greatest at North Head, the storm is off the 
Washington coast, and if the two-hour fall is greatest in the south 
and least in the north, the depression is off the southern Oregon coast. 

Another guide to the location of the depression is the direction of 
the wind at the foregoing stations, which is indicated according to 
th^ well-known law of storms, whereby inflowing winds in the 
Northern Hemisphere move counterclockwise. 

The intensity of the low is noted by the amplitude of the two-hour 
pressure changes. If the fall equals or exceeds 0.06 inch at one 
station and the one farthest from it shows a small rise, the depres- 
sion is either of no great magnitude or else only a portion of the 
depression will affect the North Pacific States. 

The foregoing condition, however, indicates the gradients are 
growing steeper, and. warnings should be issued at once. If all 
stations show a marked fall, the depression is of great magnitude and 
should be treated accordingly. 

Besides the two-hour pressure changes, an excellent guide to the 
nearness of an approaching storm is obtained from the movement of 
the lower clouds at the coast stations. When they are moving rapidly 
from the east, southeast, or south warnings should be issued at sta- 
tions in the neighborhood at once, provided the two-hour barometer * 
changes are at all favorable for a storm. 
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The adjacent pressure distribution is the all-important fact in 
determining the path of a low. If the high is over the Plateau 
States and the barometer is relatively low over the Canadian North- 
west a rapid movement will take place and the storm will be of short 
duration. If the high is over Alberta and Montana the progress 
eastward of the depression will be blocked and the storm will be of 
long duration. 

In November, December, January, and February lows follow one 
another in rapid succession. There are generally three in a group, 
with not more than an interval of a day, or at most two days, be- 
tween them. They appear to be oflfshoots of a very deep and large 
LOW over Bering Sea, which, instead of moving intect, disintegrates 
in sections. Therefore, with rising barometer along the North Pacific 
coast and every condition indicating that a first storm is over, it 
should be borne in mind that another, of equal if not greater severity, 
is probably near the coast, and extreme caution must be exercised in 
notifying shipping that it is safe to leave port. 

Nearly all warning on the North Pacific coast are for either south- 
east or southwest winds. To determine whether the warning should 
be for southeast or southwest winds the cloud movements are of 
great help, as the direction of the lower clouds is generally 4 points 
or more to the right- of the surface wind, and if the clouds are com- 
ing from the south it is better to order southwest rather than south- 
east warnings, even if the surface wind is from the southeast, as it 
will shift to the south in an hour or two provided the low is advanc- 
ing at an average rate of speed ; otherwise southeast warnings should 
be ordered. 

Northeast storm winds occur with a high over British Columbia 
and a low oflf the Oregon coast. Should the pressure chart show 
such a distribution, with a deepening of the low and a building up 
of the high likely to cause gradients, say, of seven or eight tenths 
of an inch from Kamloops to Marshfield, northeast warnings should 
be ordered. These winds are especially dangerous in the harbors 
along the Strait of Fuca, and, as they are always attended by cold 
weather and generally by snow, it is not necessary for the winds to 
become very high to be hazardous; therefore the warnings for these 
winds should contain information regarding low temperatures, and 
snow if the latter is expected. 

The movement of a typical winter storm in this district is illus- 
trated by figures 159-162. There was nothing to indicate the 
approach of this storm on the morning chart of November 28, 1913. 

The graieral pressure conditions, while not alarming, were dis- 
quieting, and the forecaster thought it best to call for a few special 
observations. The last of these was received shortly before noon, 
and showed the barometer to be falling rapicfly and the winds slowly 
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increasing. Storm warnings were accordingly sent to all stations 
as soon as possible. By the evening (see fig. 160) the storm had 
reached the coast stations at North Head, Wash., 68 miles southeast, 
and at Tatoosh Island, Wash., the maximum velocity during the 
same period was 52 miles east. 

Rarely is it possible to forecast high northwest winds along the 
north Pacific coast, and rarely do they occur. They are caused by a 
LOW over Oregon and a high at sea north of the mouth of the Colum- 
bia River. Usually in the winter, when the barometer rises rapidly 
at coast stations, it stops rising in the north within a few hours, and 
the fact of a rapid rise does not denote the presence of a large high 
in a region where they so seldom occur, while a rapid fall in pres- 
sure is a sure indication of an approaching low. 

The verifying velocity for southeast winds at coast stations is 60 
miles an hour and for southwest winds 48 miles an hour. When a 
velocity of 35 miles southeast or 25 miles southwest is reported, and 
the clouds and the two-hour pressure changes are disquieting, special 
observations should be called for. 

In conclusion, it is proper to state that storm warnings on the north 
Pacific coast can seldom be displayed more than from 4 to 12 hours 
in advance of the attainment of a verifying velocity, but in the Puget 
Sound country they are nearly always ordered 12 hours ahead of the 
disturbance, and sometimes a full day ahead of the danger period. 

See the table on page 248. 

THE SOUTH PACIFIC COAST. 

By Geo. H. Wiixson, District Forecaster. 

In forecasting high winds the value of the warnings depends upon 
their dissemination sufficiently in advance of the occurrence of the 
dangerous velocities to enable those interested to make the necessary 
preparations to protect themselves and their property. 

There are two prime factors to be considered in connection with 
high winds in this district: (a) Hiohs of great magnitude moving 
southward over British Columbia, the Pacific States, and the Plateau 
region, and (6) lows moving inland from the Pacific Ocean. 

When an area of abnormally high pressure moves southward over 
British Columbia, the Pacific States, and Plateau region, a steep 
gradient is formed to the south and southwest, causing high north 
to east winds along the coast These conditions are not difficult to 
forecast, as the crest and the position of the high are clearly indicated 
on the charts, and the barometric changes along the coast and for 
some distance inland are quite regular. The steepness of the gradient 
is apparent, and the velocities of the wind along the coast are not 
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difficult to anticipate, as the entire pressure condition is generally 
one of steady and uniform movement. 

The liows causing high winds along this coast come directly from 
the ocean, and their extent and depth are unknown until after they 
have passed inland, and the dangerous southeast to southwest winds 
have greatly diminished and shifted to the west and northwest. It 
is, therefore, necessary that the forecaster detect the first intimation 
of the approach of a low from the ocean, and then approximate the 
direction and movement, extent and probable duration of the storm 
and the direction and velocity of the wind and issue the necessary 
warnings. One can not wait until the wind has begun to increase 
* and show indications of reaching a high velocity. 

It would be next to impossible to lay down any fixed rules for 
interpreting the wind velocities on the approach of a storm along 
this coast. A rapid fall in pressure at any of the coast stations, 
accompanied by a shifting of the winds to the south or southeast, 
with increasing cloudiness, is nearly always a sure sign of the ap- 
proach of a '' southeaster ,'' the most dangerous storm on this coast. 
It is seldom that a forecaster can wait for all of these, as most storms 
of this character move in very rapidly from the ocean, and a high 
wind precedes or accompanies some of these manifestations. If a 
HIGH appears over British Columbia or Alberta, or the pressure is 
much above the normal in those Provinces, when the barometer be- 
gins to fall rapidly along the coast, and the wind shifts to south or 
southeast, the approaching liow will be deflected southward, and high 
southeast winds will occur within a few hours. Under these condi- 
tions a minus 12-hour change in pressure along the coast, if supple- 
mented by a fall of 0.04 inch, or more in two hours, at Eureka or 
North Head and a shifting of the wind to a southerly direction on 
Mount Tamalpais, is generally sufficient data on which to base a 
southeast warning. When the pressure is comparatively low and 
falling over British Columbia, and a low is approaching the coast 
of Oregon or Washington, and the wind on Mount Tamalpais con- 
tinues fresh or brisk from the west or northwest, high southeast wind 
will not occur south of Cape Mendocino and the low will move east- 
ward at a high latitude, following the normal storm track. The 
extent of the high wind southward can best be determined by the 
height of the barometer at San Francisco or San Luis Obispo and 
the gradient northward as shown by the reports. 

In addition to the above, the writer follows closely and is guided 
by the pressure-change chart, especially the 12-hour changes as indi- 
cating the intensity of a low and its direction and rate of movement. 
When the conditions are well defined and the changes rapid it is 
well to be on the alert for the approach of a low as soon as the north 
and south axis of the high has passed inland. This is very im- 
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portant, when there is a large difference between the 24 and 12 hour 
changes in pressure along the coast. • 

It is not safe to discontinue a storm warning while the wind con- 
tinues from the southeast or east at coast stations north of San 
Francisco, and the pressure continues high over British Columbia, 
even though the pressure begins to rise along the coast Under these 
conditions the storm has only shifted back over the ocean and will 
return within 36 hours or less. 

Of course, the forecaster must always use his good judgment in 
ordering storm warnings, sometimes slight changes indicate the 
approach of the storm and at other times nearly all early indications 
fail, and it is at these times that careful discrimination is necessary. 

STORM WINDS ALONG THE PACIFIC COAST. 

Percentage of storm winds from the N.; NE., etc.; for each station on the 
Pacific coast, 1905 to 19H, inclusive, uHth verifying velocities in miles per 
?u>ur.^ 
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1 The highest verifying Telocity for each storm was tabulated for the perM 
principal points of the oompass; one entry only being made for each storm that gave a verifying veloolty. 
The table shows therefore the distribation of verifying velocities according to the points of the compass. 
The nomber of stcnns used varied according to the latitude of the station, northern statloos having a greater 
number than southern. 

1 60 miles from southeast. 

• Except 90 miles between southeast and southwest. 

STORM WINDS ON THE UPPER GREAT LAKES. 

By H. J. CJox, Professor of Meteorology. 

Lows approaching the Lakes with a decreasing pressure will cause 
increasing winds over the Lake region, and ordinarily a gale is 
probable if the pressure is likely to fall as low as 29.60 inches. The 
force of the wind, however, will depend upon the barometric gradient 
surrounding the i/>w rather than the actual pressure in the ix>w 
itself. 

A type of the most severe storms on the Upper Lakes is shown by 
the weather map of February 8, 9, and 10, 1894, when a well-defined 
LOW moved from the west Oulf region directly northeastward over 
the Lakes, while at the same time a cold high of great magnitude 
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appeared in the British Northwest. The highest velocity ever re- 
corded at Chicago was reached on this date, 84 miles an hour from 
the northeast. When a u>w is centered over the west Gulf region 
and in its movement northeastward the center passes directly over the 
heart of the Lakes, general gales are likely to result over the entire 
section. If the southern low is as far east as New Orleans and it 
moves northeastward, it will affect only the Lower Lakes and the 
southern portion of the Upper Lakes. 

When a i/)w is centered in the upper Mississippi. Valley, over 
Minnesota, for instance, and a high is crowding down from Manitoba 
with the isobars north of the low running in an east-west or north- 
east-southwest direction, the gale on the Lakes promises to be ex- 
ceptionally severe, especially if the low is deep and the gradient to 
the north steep. The maps of May 17-18, 1894, represent a good type 
of this condition. In this case, of course, the pressure was falling 
over Lake Michigan and rising over Manitoba. The low was cen- 
tered on the 17th over Minnesota and on the 18th over the Lower 
Lake region. This storm caused greater destruction to shipping 
on Lake Michigan than probably any other storm in the history of 
the Weather Bureau, a large number of vessels being wrecked at 
the southern end of the lake* The maximum wind velocity at Chi- 
cago was 62 miles an hour and the direction of the gale from north- 
east to north. In the moiitti of May storms usually lose force as 
they approach the Lakes, but in this instance the low deepened. 

A modification of the above type is that of October 25-26, 1898. 
In this case the low was centered over northern Illinois with the 
isobars to the north running from northeast to southwest, but the 
following HIGH, instead of being in the British Northwest, was cen- 
tral over the middle Bocky Mountain region. The maximum wind 
velocity at Chicago during this storm was 47 miles. 

The maps of February 19-20, 1898, represented a type with the 
isobars running east-west over the Lakes. The gale was not high 
according to actual wind velocities, the nrmximiiTn at Chicago being 
45 miles from the east, but, nevertheless, the storm was severe and 
quite damaging to vessel interests that maintained shipping during 
the winter season. Storms of this character are especially dangerous 
because of the attendant snows which continue for some time after 
the center of the disturbance passes eastward. 

The reported wind velocities do npt always indicate the severity of 
a storm because of the fact that exposures of the instruments do not 
permit high velocities from some directions at certain stations. The 
map of April 28, 1914, is an illustratian of such a condition, no 
maximum wind velocities being reported from Houghton or Mar- 
quette, although the barometric gradient was strong in the vicinity 
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of these two stations, and at the same time maximum velocities were 
reported from Duluth and Sault Ste. Marie. 

When a low approaches the Lake region attended by a pressure 
fall of 0.40 or 0.50 inch in its front, severe gales may be expected on 
the Lakes, and if the low is deepening the storm is likely to be excep- 
tionally severe. These storms are particularly damaging when they 
approach the southern Lake region from the State of Iowa in tli^ 
autumn and wmter. (Jan. 20-21, 1895; Jan. 2&-29, 1909; Dec. 5-6, 
1906; Jan. 19-20, 1907; Feb. 5-6, 1908; Mar. 18-14, 1918; Jan. 2-4, 
1906; and Jan. 25, 1895.) 

As LOWS approach the Great Lakes region during the spring and 
early summer, they are likely to lose energy because of the chilling 
influence of the Lakes, while in the autumn and winter they increase 
in energy. 

A storm warning should rarely be issued for Lake Michigan when 
the storm center has approached no nearer than Kansas unless the 
storm promises to be of exceptional severity, with very rapid move- 
ment. If warnings are issued so far in advance of a storm center, 
great injury is often done to shipping intrests, as the storm may 
lose in energy in its movement eastward or northeastward, especially 
in the spring of the year. 

No warnings should be issued for the Lakes longer than 12 hours 
in advance of storm velocities, as the runs of vessels are often from 
port to port. Moreover, when the run is for the full length of any 
lake, the display of warnings may be seen at storm-warning stations 
in the fairway and harbors of refuge are close at hand. It should 
be realized that when storm flags are hoisted it is an indication that 
danger to navigation is imminent. No absolute rule can be given 
which will cover aU storms, but each one should receive special and 
individual treatment. 

A storm moving eastward over the southern Lake region is usually 
far more dangerous and severe and more extensive than cme whose 
center passes eastward over Lake Superior, as the full force of the 
gale is felt at the various stations from several points of the compas& 

When a storm is moving eastward or northeastward oVer the Great 
Lakes attended by gales, a decrease in wind may be expected just 
as soon as the pressure in the center of the disturbance begins to in- 
crease. (Oct. 17 and 23, 1898.) 

When the barometer rises rapidly during a gale on the Lakes after 
the center of the low has passed the wind may be expected to rapidly 
decrease in force. 

In the fall or spring, particularly in the latter seascm, when the 
pressure is low to the south of the Lakes and a high covers the upper 
Mississippi Valley, dangerous northerly gales will ensue in the 
southern Lake region. (Apr. 15, 1908; Mar. 30-31, 1906.) 
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Sametimes a high crowding southward from the northern Lake 
region or the npper Mississippi Valley with steep gradient will cause 
high northerly winds without any accompanying depression to the 
south or southeast. (Nov. 28, 1898 ; Feb. 13, 1906; Jan. 20-21, 1910.) 

Storm conditions are most pronounced on the Great Lakes when 
the LOW is followed by a well-marked high in the northwest. If no 
HIGH of consequence follows the storm, the development of the low 
itself is alone responsible for any gales resulting. (Feb. 13-14, 
1907; Jan. 26, 1908.) If a high with a strong gradient follows in 
the rear, the ^e will continue when the wind shifts to the northwest 
(Dec 6-7, 1918; Oct. 26-27, 1906.) 

A LOW moving from the southwest, northeastward over the Ohio 
Valley, will never cause a gale on Lake Superior and ordinarily only 
over the southern end of Lake Michigan. 

The thermal gradient as well as the barometric gradient must be 
considered in ordering storm warnings, and if considerable rise in 
temperature is anticipated with southerly breezes, the wind will 
increase decidedly in velocity; rapidly falling temperature will also 
affect the velocity of the wind. 

During the warm season of the year high velocities are seldom 
attained on the Lakes, except during thunderstorm conditions, and 
these are usually so local that advisory or small-craft warnings are 
sufficient 

Gales accompanied by snow are very dangerous, because during 
such conditions the master is often unable to properly navigate his 
ship. 

On-shore gales are dangerous, while those blowing off-shore cause 
but little damage and forecasters should take this fact into considera- 
tion in issuing storm warnings. 

In ordering storm warnings a forecaster should think of the effect 
and strength of the winds on the open lake and this is shown ap- 
proximately by the barometric gradient. Even with the same gradi- 
ent, the recorded wind velocities at some stations differ widely from 
those at others, simply because there is such a great difference in the 
exposure of the anemometers and the configuration of the country 
adjacent to and surrounding the Weather Bureau observatories. 
There is no difference in topography, however, on the open lake. 
In the storm of April 27-28, 1914, when high wind velocities were 
recorded at Duluth but none of consequence at the other Lake Su- 
perior stations, although the barometric gradient was steep over the 
entire lake, the gale was certainly as severe in the eastern and cen- 
tral portions of the lake»as in the western portion. On page 157, 
Weather Bureau Bulletin No. 24, Beport of the Omaha Convention, 
I showed that of all the recorded storm velocities during a period 
of five years at Marquette, Mich., there was n<xie from the northeast 
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or east and only 4 per cent from the north ; at Sault Ste. Marie there 
was none from the north, only 8 per cent from the northeast, and 
2 per cent from the east; while at Duluth there was 1 per cent from 
the north, 80 per cent from the northeast, and none from the east. 
These remarkable difference are due to local peculiarities of ex- 
posure of the anemometers, rather than to variations in wind force 
on the open lakes. 

STORM WINDS ALONG THE GBEAT LAKES. 

Percentage of storm t€inds from the north, northeast, etc., for each statkm on 
the Great Lakes, 1905 to 19H, inclusive, and verifying velocities in miles per 
hour} 
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Verifyfag 
Telocity. 



Dolath, Mlim 

Houghton, lIlclL 

Marquette. Mich. 

Sault Ste. Marie, Mich. 

Escanatta, Mich 

Green Bay, Wis 

Milwaukee. Wis 

Chlcaffo.111 

Grana Haven, Mich. . . 

Alpena, Mich 

Port Huron, Mich 

Detroit, Ml<ai 

aeveland, Ohio 

Buflalo,N.Y 



40 
24 
82 
80 
28 
80 
80 
SO 
80 
30 
32 
40 
40 
54 



1 The highest Teilfying velooity for each stonn was tabolated for the period of 10 years for each of el^t 
principal pobits of the compass; one entry only bebig made for each storm that gave a verifying velocity. 
The table shows therefore the distrihutlon of verifying velocities according to the points of the compass. 
The nnmher of storms used varied aooocding to the latitude of the station, Dorthem stations havlnga greater 
number than southern. 
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HEAVY SNOW, SLEET, AND ICE STORMS^ FOG. 
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THUNDERSTORMS. 
By Prof. A. J. Henbt. 
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HEAVY SNOW. 



Foreword. — ^The paper by the late Prof. E. B. Garriott on heavy 
snowfalls in the United States, published in " Studies of Weather 
Types and Storms" (Weather Bureau, No. 92, 1896), contains an 
exhaustive presentation of the subject, and the present discussion, in 
so far as the snowfall itself is concerned, will be in the main a sum- 
mary of Prof. Garriott's paper, with, however, a few additional sug- 
gestions that later experiences have dictated. 

253 



Digitized by 



Qoo^z 



254 WEATHER FOBECASTING IN THE UNITED STATES, 

DiatrifyiUion^ aeasorud ccnd geographic. — ^Naturally, the majority 
of heavy snowstorms occur in January and February, especially in 
January. Quite a number also occur in December and March, and 
a lesser number in November. There were none of consequence ob- 
served in any other month. 

Heavy snows are most frequent in New England and the Middle 
Atlantic States, the Great Lakes region, the Ohio and upper Missis- 
sippi Valleys. They occur less frequently in the Missouri Valley, 
central Eocky Mountain region and the Northwest, and very rarely 
in Tennessee and the north portions of the Gulf and South Atlantic 
States. The regions of maximum frequency are the New England 
and the Middle Atlantic States* particularly the north portion of the 
last-named district 

Meteorological conditions preceding heavy snows. — Heavy snows 
are caused by the eastward movemait of well-marked rows, accom- 
panied by cold and equally well-marked hiohs, to the northward. 
This is the best type, although heavy snows occur quite often when 
the HIGH to the northward is not very well marked, but is compara- 
tively cold. It is true that at times the same type of pressure distri- 
bution causes sleet instead of snow, but in such cases other contribu- 
tory causes are different This subject will be discussed later. 

Lows from the northwest that are attended by heavy snows are 
comparatively warm; they usually move southeastward along the 
eastern slope of the Rocky Mountains and are closely followed by 
rapidly rising pressure from the northward or northeastward, with 
temperatures below the freezing point. These lows usually turn to 
the eastward and northeastward after reaching South Dakota or 
Nebraska, and the latter State will usually mark the southern limit 
of hea\'y snowfall. Occasionally, however, the low will continue 
southward as far as Oklahoma or Texas, and in such cases heavy 
snow will fall in eastern Colorado, Kansas, and, at times, in Okla- 
homa and North Texas. Should the high to the northward — not to 
the northeastward — ^be very cold and the barometric gradient very 
steep, there will result the combination of heavy snow, low tem- 
peratures, and high northerly winds, known as a " blizzard,^ and in 
Texas as a "norther,'' although the "norther" is not necessarily 
accompanied by snow. 

The heavy snows of the central Bocky Mountain regicm are usually 
preceded by lows moving eastward from the southern plateau, 
regardless of their origin, with a high to the northeastward that 
need not necessarily be a well-marked one, provided the tempera- 
tures 24 to 36 hours later will be below the freezing point If the 
LOW keeps well to the southward and there is sufficient cold to the 
northward, the heavy snow will extend well down toward the storm 
center. This is the true type of pressure distribution for heavy snow. 
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observed at its best in New England and the Middle Atlantic States, 
and consists essentially of a southern low moving eastward or north- 
eastward (see fig. No. 163), attended by temperatures below freezing 
north of the storm center. The type is so well defined and the de- 
partures therefrom are so rare and comparatively unimportant that 
detailed discussion appears to be unnecessary. (See also weather 
maps of Feb. 13, 1899, Jan. 27, 1912, and Feb. 16, 1910.) 

But a single instance of a radical departure from the type was en- 
countered, namely, that of February 6-6, 1908, when a western liow 
moving east-northeastward over the Upper Great Lakes was attended 
by east to south winds and heavy snows over the District of Columbia, 
Maryland, Delaware, and the southern portion of New Jersey and 
eastern Pennsylvania. In this case temperatures were generally low 
and there was a well-defined high to the northeastward that caused 
strong northeast and east winds and heavy snows pver the districts 
to the north, constituting the regular type for that section. 

Occasionally there will be heavy snowfall with the high to the 
northwest, as on January 16, 1916, over eastern and southern Min- 
nesota, western Iowa, and eastern Nebraska. A well-defined low 
from the extreme southwest turned north-northeastward after reach- 
ing central Texas, and on the morning of January 16 was over west- 
em Missouri (29.60 inches), with a moderately cold high (30.42 
inches) over eastern Montana. Heavy snow fell during the day, as 
above noted. Another type of snow over the northern Rocky Moun- 
tain region is shown in figures 164-166. Note especially the develop- 
ment of a secondary over Texas on February 16, 1910, and the result- 
ing snow along the margin of the cold northerly winds. 

SUMMARY. 

1. In general heavy snow falls to the north of the path of the 
center of the low and south of the center of the high to the north- 
ward. 

2. Snow will begin with northeast to east winds, usually north- 
east, and cease, as a rule, soon after the wind shifts to southwest and 
northwest 

3. Snows will begin almost as soon as the wind shifts to northeast 
or east, provided the wind is blowing with at least a gentle to mod- 
erate velocity (12 to 25 miles per hour), without regard to the height 
of the barometer in the high. 

4. Other conditions being favorable, snowfall will probably be 
heaviest when temperatures are between 24° and 30°. However, an 
occasional marked exception to this rule occurs. (See Feb. 11 and 
12, 1899; Middle Atlantic States and New England.) 
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5. When heavy snow in the central and eastern districts is caused 
by LOWS from the west and northwest the storm center passes south 
of the region of heavy snowfall ; snow usually begins when the storm 
center is to the southwest of the section, continues during the passage 
of the center to the southward, and until it has passed well to the 
eastward (Garriott). 

6. Heavy snows in the Rocky Mountain districts are sometimes 
caused by the development of secondary liOws over the middle Socky 
Mountain district, with a high to the northward. 

SUSET OR HEAVY SNOW, WHICH i 

As the pressure distribution necessary for sleet and heavy snow is 
much the same, it is obvious that, if this alone were considered, 
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Fio. 167. — ^Annual frequency of sleet storms. 

many forecasts of heavy snow must fail of verification because sleet 
would occur instead of heavy snow. 

Study of the question has developed that (1) the steep tempera- 
ture gradients to the northward of the storm center usually preceding 
sleet formation are not necessarily present in advance of heavy snow- 
fall, and, (2) what is a much more important and probably the 
essential point of difference, the high temperatures over the Gulf 
and South Atlantic States that appear to be essential to sleet forma- 
tion to the northward are absent before and during heavy snows. A 
third and also important point of difference is that the high tem- 
peratures over the Gulf and South Atlantic States that precede sleet 
are accompanied by southeasterly to southerly winds, which, coming 
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from the warm water surfaces, carry a much larger water content 
than winds from any other direction. 

Out of 48 cases of heavy snows, 28 were preceded by cool weather 
over the South and only 5 by warm weather. Five others were pre- 
ceded by warm winds but with cool weather closely following. 
About a dozen others were preceded by warm winds but were from 
southwest to north and northeast, away from the sources of exces- 
sive moisture supply. 

Out of 34 cases of sleet, 29 were preceded by warm southerly winds 
over the South Atlantic and Gulf States, indicating an excessive 
moisture supply. Figure 168 illustrates a sleet type for the Middle 
Atlantic States. Figures 169 and 170 illustrate a type for the inte- 
rior valleys, and the weather maps of February 13-14, 1909, not re- 
produced, illustrate a lake-region type. 

General rule. — Whenever either sleet or heavy snow is indicated, 
forecast sleet when warm southerly winds prevail over the South 
Atlantic and Gulf States and heavy snow when they do not. This 
rule, however, does not apply to forecasts for the Northwestern 
State& 

SLEET AND ICE STORMS. ' 

Definition of terms. — ^The term " sleet " has been variously defined 
and some of the definitions are manifestly inconsistent. The defini- 
tion adopted by the Weather Bureau api>ears to be rational and con- 
sistent, and is as follows: 

Sleet is precipitation that occurs in the form of frozen or partly 
frozen rain, and is formed by rain falling from a relatively warm 
air stratum into and through another air stratum that is sufficiently 
cold to freeze some or all of the rain drops. Mixtures of snow and 
rain are distinctly not sleet; neither are mixtures of hail and rain, 
as some of the foreign definitions permit. 

Another related phenomenon is the English "glazed frost," the 
German " glatteis," the French " verglas." This is rain that falls to 
the surface as rain but freezes as soon as it touches the surface. 

It is most manifest on telegraph and telephone wires, trees, etc., 
and is the form that causes the greatest damage. TTie true sleet, fall- 
ing as mingled ice and rain, does not cling and does not often cause 
much damage. Both forms, however, are preceded by the same 
general meteorological conditions. 

The etymology of the term " sleet " is imcertain and none of the 
earlier available equivalents conveys any impression of its actual 
physical composition. 

Some of these equivalents are the Middle High German " Sloze,'' 
the German "schlosse," and the Norwegian "sletta" — ^the latter 
33692°— 16 n 



Digitized by 



Qoo^z 



258 WEATHER POBECASTING IN THE UNITED STATER 

meaning " to dap," and having reference, probably, to the beating 
or driving of the sleet under the influence of strong winds. Sleet 
and hail are distinct, both f ormatively and structurally, as hail, being 
formed by a violent uprush of warm air into a much colder air 
mass, occurs almost uniformly during summer thunderstorms. 
Sleet pellets are not usually symmetrical in form, while hailstones 
are frequently so, being composed of a central nucleus of snow 
surroimded by concentric spheres of water and snow in alternate 
layers. However, for practical purposes, it is not a serious error 
to define winter hail as sleet. 

The true sleet usually consists of considerable water in addition 
to the ice pellets, the pellets being of irregular formation, but at 
times it consists entirely of round, dry pellets, about the size of duck 
shot, which either remain dry and loose on the surface for a con- 
siderable time, or, if the surface is slightly warmer, unite into larger 
and very irregular masses of ice. This has been termed " ice rain.'' 
The dry sleet is probably due to the unusually low temperature of 
the lower air stratum. 

Geographical distribution, — ^The region of greatest frequency was 
found to be over the lower Missouri, the lower Arkansas, the middle 
Mississippi, and the lower and middle Ohio Valleys, the southern 
Upper Lake and the Lower Lake regions. New England, the Middle 
Atlantic States, and central North Carolina, corresponding in the 
main to that portion of the country traversed by the principal liows, 
with cold northerly winds to the northward, and warm southerly 
ones to the southward, necessary precedents to sleet formation. 

The area of maximum frequency (6 to 6.7 a year) covers northern 
and eastern Missouri and southern Illinois, although the absolute 
maximum of 7.7 storms a year occurred over south-central Penn- 
sylvania. (See fig. 167.) An occasional storm of moderate char- 
acter occurred over extreme northern Florida and along the Gulf 
coast, while over the interior of the South the annual average was 
less than two, as a rule. However, a local tendency toward a 
higher average (2.7 to 3.4) was noted over the more elevated regions 
of northwestern Georgia and southeastern Tennessee. West of the 
ninety-seventh meridian and over the northern Upper Lake region 
the average annual frequency was less than two, as a rule^ except 
over southern upper Michigan, where the annual average, as indi- 
cated by the figures at Escanaba, was 4.9, and at Duluth, where the 
figures were 2.4. The low averages over the northern Upper Lake 
region were doubtless due to the equalizing effects of the water tem- 
peratures, and the local increases at Escanaba and Duluth support 
this contention, as the * northerly winds blow entirely from the 
colder land surfaces at Escanaba, and over only a small area of 
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water surface at Duluth, except when the winds are from the north- 
east. 

The comparatively high figures of 8.4 over the northeastern por- 
tion of eastern Texas may be attributed to the operation of the same 
general conditions that created the maximum frequency over the 
great central valleys, etc. 

SedsoncH distribution. — ^The seasonal distribution of sleet and ice 
storms is not very well defined. In general January and February 
are the months of greatest frequency over the lower Missouri, middle 
Mississippi, and the Ohio Valleys, the Lower Lakes, and the Middle 
Atlantic States, while March and December are the months of 
greatest frequency over the Upper Lakes, especially the month first 
named. It should be remarked, however, that these Upper Lakes 
storms ftre rarely so severe as those in the region of the great river 
valleys and that the latter section, together with the Middle Atlantic 
States, probably comprises the great belt of severe sleet storms of 
the country. A fair proportion of the storms occurred in April, all 
above latitude 42^^, except in a few isolated places, notably on April 
28, 1908, in the Panhandle of Texas and on April 20, 1904, at Char- 
lotte, N. C, the latter being a very moderate one. Three May storms 
occurred at about latitude 47^ and there were five October storms at 
widely scattered places, that of October 3 and 4, 1914, at Havre, 
Mont, being of severe character. 

On the whole it may be said that severe sleet and ice storms may 
be expected at any time from November to March, inclusive, and oc- 
casionally, north of latitude 42®, during April and October. The 
probability of May stomis may be disregarded on occount of their 
very infrequent occurrence. 

METEOROLOGICAL CONDITIONS FAVORABLE FOR 0CCT7RRENC£ OF SLEET AND 

ICE STORMS. 

The following meteorological conditiodis, as indicated on the 
weather maps, appear to precede sleet and ice storms: 

1. Low temperature and high pressure to the northward (between 
northwest and northeast). 

Sevenly-two per cent of the cases examined were well developed and 
28 per cent fairly so; there were no failures. 

2. Steep pressure and temperature gradients to the northward 
(between northwest and northeast) ; 69 per cent of the cases were 
well developed^ 12 per cent fairly so, and 19 per cent failed. 

8. Surface temperatures below the freezing point, usually between 
22^ and 28^ ; that is to say, surface temperatures between 22^ and 28^ 
24 to 86 hours later. In other words, with other conditions favor- 
able for sleet formation it will be likely to occur where the tempera- 
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tures 24 to 86 hours later will be from 22® to 28**. This involves an 
accurate temperature forecast. Severe sleet with surface tempera- 
tures above the freezing point is practically unknown. 

4. Moderately high pressure and high temperatures over the east 
Gulf and South Atlantic States. This condition was fulfilled in 70 
per cent of the cases and failed in 30 per cent A few of the highs 
were cool and in a few instances there was a southeast low instead 

of a HIGH. 

5. Northward looping of the isotherms (surface inversion) ; 88 per 
cent true, failing in only 12 per cent of the cases. 

6. Grentle to fresh northerly winds, northwest to northeast, increas- 
ing by the time the sleet begins. This was found to be almost uni- 
formly true. The winds were rarely light and even less frequently 
strong. 

7. Low-pressure trough trending southwest to northeast between 
two HIGHS. The ix>w is usually moving from the southwest, but some- 
times from the northwest. 

This appears to be a general rule except over the districts from 
the Southwestern States northeastward through the Ohio Valley, 
where the trough was absent about as often as it was present 

CONCLUSIONS. 

This text is accompanied by several maps that indicate typical 
sleet ccmditions, one series for the interior and one for the Atlantic 
States. (See figs. 168-170.) 

At best the forecasting of sleet is a difficult and very unsatisfactory 
undertaking, but such forecasting would be valuable if it could be 
done with a considerable degree of success. 

FOG. 

Foreword. — ^Fog may be defined as a surface cloud, and is caused 
(1) by the mixing of two bodies of air of unequal temperatures, one 
or both of which has a high vapor content, and (2) by the cooling of 
a body of moist air to a temperature lower than its dew point Dur- 
ing nighttime in warm seascms fog may form over lakes and rivers 
by the continued evaporation of the warm water, even though the 
cool overlying air is saturated. 

Its character, distribution, and extent depend, of course, upon the 
character, distribution, and intensity of the contributory physical 
conditions, and it is proposed in this chapter to disctiss these physical 
conditions as they appear on the weather charts, with a view to 
forecasting the fogs on the ocean and Oulf coasts and on the Great 
Lakes, where they constitute a frequent and dangerous menace to 
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navigation. Fogs in the river valleys will not be considered, as 
they are more local in character, usually appearing during the night 
as a consequence of radiation of heat and disappearing within a few 
hours after sunrise, and on the navigable rivers they cause nothing 
more than a little delay and inconvenience, as river craft tie up 
during the prevalence of fog. 

Naturally fogs are most prevalent along the shores of lakes and 
oceans, over rivers, and at times over such definite areas of the 
oceans as are near the boundaries of count^rcurr^its of different 
temperatures. 

OKEAT LAKES BEGION. 

Seasonal distribution of fog. — Over the Upper Lakes, as a whole, 
February is the month of greatest fog frequency, while not far 
behind are January, June, and December, about alike with respect to 
the number of foggy days. Over Lake Superior and northern Michi- 
gan the seasonal distribution is not so well defined. The months of 
least frequency are July and August. The northern portion of the 
Upper Lake region is much less subject to fog than the southern 
portion, the ratio being about 1 to 6. The reason for this marked 
difference lies partly in the lesser frequency of sharp temperature 
contrasts over the northern sections, owing to the comparatively 
greater extent of water surface, but the difference is mainly due to 
the fact that, as a rule, neither the highs nor the lows are to the 
northward of Lake Superior, and that the winds do not blow over 
the water surfaces. 

February is also the month of greatest fog frequency over the 
Lower I^es, the excess in frequency of fog in that month being 
much more marked than over the Upper Lakes. March is second, 
closely followed by January, April, and November. As on the Upper 
Lakes the months of least frequency are July and August. Of the 
two Lower Lakes, Erie has about 2 dense fogs to 1 for Lake Ontario, 
the difference probably being due to the difference in extent of water 
surface covered by easterly winds. 

The most marked difference between the Upper and the Lower 
Lakes with respect to monthly fog distribution was noticed during 
June. On the Upper Lakes fogs were about as frequent in June 
as in January and December, while on the Lower Lakes they were 
less frequent in June than in any other months, except July, August, 
and October. 

Conditions favorable for fog formation. — (1) On the Upper Lakes 
fogs are usually preceded by low pressure on the leeward side of the 
Lakes and relatively high pressure on the windward side, with a weak 
pressure gradient, not greater than 0.10 inch to 100 miles, and usually 
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less, averaging, perhaps, about 0.10 inch to 250 miles. The gradient 
is usually least with southeast winds. 

Quite often the isobars on the weather chart will be irregular in 
shape, with a gradient of about 0.10 inch to 150-200 miles, the isobars 
curving away from each other, leaving an open space between some- 
times several hundred miles in diameter. This distribution is also a 
perfect rain type for the open section. Frequently with this forma- 
tion there will also be observed a northward looping of the isotherms, 
similar to that observed before thimderstorms, indicating an unstable 
temperature distribution, which, however, does not appear to be an 
essential condition for fog formation. 

The height of the barometer is not important for fog formation, 
and at Chicago dense fog has occurred with pressure as high as 30.80 
inches and as low as 29.25 inches. In summer the pressure is usually 
low, for with high pressure the sharper temperature contrasts be- 
tween the water and the land cause stronger winds, thereby prevent- 
ing the formation of fogs. 

(2) Temperature differences more or less marked between the 
water and land surfaces. The water temperatures were the lower in 
about two-thirds of the fog periods, without regard to the season of 

.the year, although some general tendencies toward higher Lake tem- 
peratures were noticed over the southwestern section during May 
and November. 

(3) Relative humidity above normal, averaging above 90 per cent, 
although lower in quite a fair percentage of the cases observed (only 
52 per cent at Chicago preceding the local fog of Sept 10, 1888). 
The high humidities also prevail for a considerable distance inland 
in the direction of the lows. Low humidity fogs are very local. 

(4) The occurrence of precipitation from 24 to 36 hours previous 
to the fog, usually to the westward and southwestward of the Lakes, 
toward the lows, as perhaps only about 10 per cent of the lows are 
found over Lake Superior or the Michigan Peninsula. The pre- 
cipitation in the lows generally continues while the fogs prevail in 
the Lake region, as the surface temperatures are higher and the 
moisture content of the air is greater in the lows. It is also noticed 
that frequently the fog belt extends westward from the Lakes into the 
Mississippi and lower Missouri valleys, and at times even farther 
westward and southwestward when the temperature contrasts are 
not so marked. Quite often dense fog will be observed at one place 
in the great river valleys with rain falling at another place near by. 

(5) Low wind velocities, less than 15 miles an hour, usually less 
than 10 miles, and about one-third of the time less than 6 miles. 
Fogs with winds above 15 miles an hour have their characteristics 
very well marked, and they occur usually in the spring and autiunn, 
with the Lake temperatures almost invariably the higher. However, 
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during winter fogs with winds above 15 miles an hour the Lake 
temperatures are often the lower. 

The antecedent conditions necessary for the formation of fog along 
the Lower Lakes are much the same as for the Upper Lakes. There 
is noted, however, a tendency toward less fog over Lake Ontario, par- 
ticularly the eastern portion, than over Lake Erie, the deficiency be- 
ing most marked with southeast winds, which, as a rule, are not fol- 
lowed by fog unless the winds are quite warm (above 40® in winter 
and about 50° or 60® in summer). 

MISCELLANEOUS OBSERVATIONS. 

(1) It is noticed that the belt of maximum fog frequency extends 
from about the southern third of Lake Michigan eastward to Lake St. 
Clair and extreme southern^ Lake Huron, and thence over western 
Lake Erie ; probably because the conditions necessary for fog f orma- 

.tions are more frequently and more completely fulfilled here than 
over other portions of the Great Lakes region, particularly with re- 
spect to the location of the high and low areas, and to the greater fre- 
quency and extent of the temperature differences. 

(2) A maximum of fog frequency occurs at Chicago, dense fog 
often occurring at that place with none elsewhere along the Lakes. 
It is doubtless a purely local condition at such times, due to an excess 
of smoke, and is likely to occur even though the necessary antecedent 
conditions are not fully defined. These fogs are usually shallow, and 
at times do not extend above the tops of high buildings. 

(3) Fogs usually occur in the form of an uniform covering like a 
blanket, but at times, frequently on Lake Superior, they form in 
banks or bands, both along the shore and over the water. Sometimes 
they form in comparatively narrow bands over the water with inter- 
vening areas of clear weather. In this connection the following ex- 
tract from " The Meteorological Chart of the Great Lakes for the 
Season of 1899 " (Henry and Conger) , is of interest and value : 

It appears that fog does not generaUy appear In the blanket forih, except 
when LOWS are moving slowly toward the lakes. The most frequent formation 
reported is the heavy banks, which are seen in their best form on Lake Superior. 
These banks appear frequently on the lakes, with intervals of clear weather. 
Fog also appears in the belt or band formation, viz. a narrow band which 
extends for many miles in length. 

This formation is also most frequent on Lake Superior. One vessel will 
run for hours in the bank formation, while another vessel, several miles dis- 
tant, running parallel, wiU be in clear weather and can hear the fog whistle 
of the steamer in the fog, and also see the wall of the fog bank. These forma- 
tions are most frequently reported during the summer months. It has been 
found that the approach of a low from the west of Lake Superior will cause 
fog to form over the western end of that lake. The fog appears to move east- 
ward in the lifting conditions, so that, as before stated, one steamer will make 
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the run eastward on Lake Superior in fog, while one following a few honn 
later will not encounter any, indicating that the fog banks move steadily east- 
ward. Masters have reported that less fog was encountered after passing 
Sable Point, Lake Superior, on the Marquette, or Portage Entry, route than on 
the passage around Keweenaw Point The reports appeal^ to bear out this 
statepoent, in view of the fact that much less fog is reported from Marquette, 
or Portage Entry, and Houghton than from the Keweenaw Point route. The 
reports indicate that the most fog on Lake Superior is encountered between 
Whitefish Point and Keweenaw Point, and it is probable that vessel masters 
would encounter less fog by taking the Portage Entry course in preference 
to that around Keweenaw Point. This would probably be the case during 
the summer months, when fog is most frequently encountered on Superior. 

The foregoing statement appears to indicate that fogs are much 
more prevalent over the waters of Lake Superior than along the 
shore, as 'over the latter section the summer months are those of least 
fog frequency, especially along the extreme western shores of Lake 
Superior. 

Atlantic codst fog frequency. — Naturally, fog will be most fre- 
quent where the differences in temperature between the land and the 
water are most persistent, so that on the Atlantic coast the region 
of maximum frequency would be the New England coast. The 
records for the 14 years from 1900 to 1913, inclusive, indicate that, 
with a few explainable exceptions, the region of maximum frequency 
is the eastern coast of Maine, and that there is a steady decrease 
southward to Key West, Fla., where dense fogs are very rare. The 
diagram (Fig. 171) shows the number of days on which dense fog 
occurred along the Atlantic coast from 1900 to 1913, inclusive: 

The great excess at Nantucket and the smaller one at Block Island 
are due to the fact that they are small islands, and fog will therefore 
occur at any time when the winds are comparatively light and the 
temperature difference between the land and the water is suflSciently 
marked. This condition naturally occurs most frequently during 
the summer months. 

The relatively small niunber of foggy days at New Haven and New 
York is no doubt due to the great preponderance of land area as cwn- 
pared with that of the water, and the fogs are least frequent in 
smnmer when the mean land and water temperatures do not differ 
greatly. The excess at Cape May over Atlantic City probably arises 
from the fact that Cape May is situated at the end of a narrow 
point of land with water on three sides, making the conditions much 
similar to those at Nantucket and Block Island. It should also be 
noted that the period of minimum frequency is the autumn and early 
winter, just as at Nantucket and Block Island. The tendency toward 
an increase in fog frequency at Cape Henry is probably due to the 
fact that the topographical conditions are of the same character, but 
not so pronounced as at Cape May, Block Island, and Nantucket 
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Another increasing tendency at Charleston is somewhat more difficult 
of explanation. There is a preponderance of water surface in the 
vicinity, although the bay forming Charleston Harbor is not of great 
extent. There is, however, water on all sides of the city except be- 
tween north and northwest, and this probably accounts for the excess 
of foggy days. At Key West the land temperatures are uniformly 
lower, and the mean land and water temperatures are so nearly 
alike that it is almost impossible for fog to form. With light winds 
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Wilmington. N.C 
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Pro. 171. — Fog frequency, Atlantic coast. 

and high humidity fog will form at times when there is a strong 
HIGH over the central and northern portions of the country, accom- 
panied by a cold wave, bringing down cool winds from some north- 
erly point, preferably the northeast, upon the warm Gulf waters. 

It will be noticed that no mention has been made of dense fogs at 
Boston. There were only 125 recorded during the 14 years under 
observation, but it is almost certain that over Massachusetts Bay and 
the coast immediately adjoining the fogs were as prevalent as over 
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many other portions of the New England coast. Boston is more 
or less sheltered from the open water except in a due easterly or 
southeasterly direction, and this should account for the lesser fog 
frequency. 

It appears that the observations reasonably justify the following 
general precepts for the Atlantic coast. 

1. Fogs are most frequent where the mean water temparatures are 
lowest. 

2. Other things being equal, fog frequency in any given locality is 
proportional to the differences in temperature between the land and 
the water surfaces. 

It must be mentioned, however, that these 'precepts, so far as the 
Great Lakes are concerned, are not so general in their application. 
No. 2 is generally applicable, but No. 1 is not at all so. 

GeogrwpMo distribution of fogs. — ^As the occurrence of fog is 
almost entirely a question of pressure distribution and resulting 
wind direction, it reasonably follows that there will be wide differ- 
ences in the duration and geographical extent of fog belts. At times, 
not often it is true, the fog belt will extend along the entire Atlantic 
coast from Eastport to Jacksonville, and westward along the Gulf 
coast from Tampa to the mouth of the Bio Grande. At other times 
the fog belt will extend from the Maine coast to Jacksonville, Cape 
Hatteras, Cape Henry, Cape May, New York, or to Block Island. 
Quite frequently it will be confined to the Maine coast, especially the 
eastern portions; occurring whenever light southerly wincls blow, 
with a maximum frequency in midsummer, when the temperature 
differences are greatest. These Maine fogs, especially on the east- 
em coast, are sometimes very fleeting, disappearing and reappearing 
with variable winds at intervals of a few minutes. 

Again there will be a fog belt that will extend from Nantucket 
southward to Cape May, Cape Henry, or to Cape Hatteras, and again 
to Savannah and Jacksonville. Other belts extend from New York 
southward along the New Jersey coast, and at times as far as Hat- 
teras. Again, there is the fog belt that extends from Cape May to 
Cape Henry, from Cape Henry or Cape Hatteras to Jackscmville, 
and from Charleston or Savannah to Jacksonville. Still another 
type of fog belt extends along the ocean from northeast to south- 
west, touching the coast at only a few points, such as Eastport, Nan- 
tucket, Cape May, and Cape Hatteras. 

Seasonal distribution. — ^The percentage of foggy days for each 
month, based upon the total number of such days for the station dis- 
cussed, and for the entire period from 1900 to 1913, inclusive, to- 
gether with the monthly mean land and water temperatures, are 
shown in Tables 1 and 2. 
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Table 1. — Seaional distribution of foggy days, in percentages of the total 
number observed at each station. 



Totel nnmlMr of foggy days.. 

Juuiary percent.. 

Tmhrttiry do 

Marcb do.... 

April •...do 

May do 

Jane do 

July do 

August do 

September do — 

October do 

November do — 

December do — 



574 
3 
8 
4 

11 
12 
23 
18 
11 
6 
1 
2 



346 

7 

1 

5 

10 

10 

9 

12 

13 

12 

11 

7 

3 



1,136 
6 
6 
9 
8 
12 
13 
15 
11 
10 
5 
4 
2 



186 

20 
7 

15 
8 

11 
3 
1 
1 
6 
7 
8 

13 



259 
11 
7 
15 
10 
17 
12 
1 
2 
6 
5 
8 
6 



196 
14 
11 
12 
4 
8 
3 
1 
2 
6 
12 
15 
12 



142 

17 

11 

12 

6 

5 

2 

1 

2 

9 

11 

11 

13 



249 
20 
16 
15 
8 
4 
1 
1 
2 
6 
8 
10 
14 



184 

20 

15 

13 

7 

5 

1 

1 

1 

5 

5 

12 

15 



140 
32 
1 



3 


67 










33 



Table 2. — Mean land and water temperatures. 
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4 


i 

1 


i 
i 

1 


lAnd 


20.1 
35.9 

21.5 
33.1 

28.9 
32.7 

88.4 
35.5 

46.9 
39.1 

54.4 
42.9 

59.8 
46.8 

59.8 
49.8 

55.2 
50.6 

46.6 

49.8 

86.8 
46.2 

25.3 
4L0 


22.0 
83.4 

83.8 
82.0 

82.1 
83.5 

42.9 
39.2 

58.5 
47.0 

62.6 
54.8 

68.0 
59.6 

66.1 

6L0 

59.5 
57.8 

49.1 
62.3 

87.7 
44.6 

27.2 
36.9 


82.2 
87.1 

8L0 
34.6 

86.7 
86.5 

43.9 
42.5 

52.7 
49.8 

60.8 
58.4 

67.5 
66.5 

67.8 
67.2 

63.5 
64.5 

54.6 
57.7 

45.7 

49.8 

87.0 
41.7 


80.2 
83.4 

80.7 
32.6 

87.5 
35.6 

48.1 
43.6 

59.8 
54.8 

68.5 
65.9 

73.5 
72.4 

72.2 
73.3 

66.5 
69.8 

55.5 
60.1 

44.0 
48.5 

34.4 
38.4 


32.5 
35.8 

33.0 
37.0 

88.9 
39.7 

47.5 
47.7 

57.5 
56.2 

66.8 
65.7 

72.5 
72.1 

72.6 

72.8 

67.7 
7L0 

57.3 
62.3 

46.5 

52.3 

86.4 
4L4 


40.4 
4L2 

4L8 
44.5 

47.8 
49.5 

56.0 
56.1 

66.1 
67.8 

74.4 
76.0 

78.4 
80.9 

76.7 
80.5 

71.7 
74.8 

bL8 
65.3 

5L2 
54.4 

43.1 
44.0 


45.6 
47.7 

47.7 
50.4 

58.7 
65.4 

60.4 
62.5 

69.1 
7L7 

75.5 
78.8 

78.7 
83.8 

77.6 
8L5 

73.1 
77.0 

63.8 

60.3 

54.1 
59.5 

47.2 

49.9 


49.8 
50.7 

51.6 
53.2 

57.2 
67.9 

63.8 
64.2 

72.5 
78.1 

78.5 
80.0 

81.8 
83.6 

80.8 
88.2 

76.4 
78.9 

67.0 
7L1 

58.1 

59.5 

51.2 
53.2 


49.9 
49.9 

52.5 
53.4 

58.8 
58.4 

64.7 
64.6 

72.6 
78.1 

78.2 
80.0 

80.5 
84.5 

T9.4 
83.0 

78.4 
78.4 

66.2 
7L0 

57.5 
60.2 

51.8 

50.6 


58.9 
67.9 

56.9 
6L0 

6L9 
66.4 

67.6 
71.3 

74.2 

78.3 

T9.0 
88.4 

80.9 
86.6 

80.1 
85.5 

77.4 
83.3 

09.6 
75.8 

61.8 
67.3 

55.1 
59.0 


68.8 


Water 


73.0 


'*GSg[: 


70.8 


Water, a 


73.6 


llMch: 

IaimI 


72.7 


Water 


75.7 


April: 


75.6 


Water 


78.8 


Iiay7 

1^w\ 


79.0 


Water 


82.8 


Jane: ^ 

lAnd. 


82.2 


Water 


86.1 


July: ^ 

I/and 


83.7 


Water 


87.4 


August: 

1^w\ 


83.8 


Water 


86.6 


September: 

Land 


82.5 


Water 


86.1 


October: 

Land 


78.7 


Water 


81.4 


Noivember: 

Land 


74.8 


Water 


76.6 


December: 

Land 


70.0 


Water 


71.2 
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An inspection of this table shows that on the open New England 
coast fogs are most frequent in midsummer and least frequent in 
winter, although when Block Island is reached there is a shift in the 
time of maximum frequency toward early summer. Forty-one per 
cent of the total number of fogs occur from June to August, inclusive, 
while in December, January, and February the percentage is only IL 
The spring percentage is 28 and that of the autumn 20. 

Along Long Island Sound and the middle and south Atlantic 
coasts the season of maximum frequency shifts to winter and early 
spring (late spring along the extreme southern coast of New Jersey, 
probably on account of the lower water temperatures ^d the prevail- 
ing winds from the water surfaces to the eastward, southward, and 
westward — Delaware Bay being only a short distance to the west- 
ward). Likewise the season of minimum frequency changes to mid- 
summer. From New Haven southward, except sJong the extreme 
southern New Jersey coast and at Key West, the seasonal percent- 
ages are: Winter, 46; spring, 27; summer, 5; and autumn, 22. From 
Hatteras to Jacksonville the mean summei^ percentage is only 3.4. 
Here the land temperatures, while from 3® to 6*^ lower than those 
of the water, are nevertheless quite high (75 to 81) and consequently 
have a large moisture capacity. Therefore the slight differences in 
temperature that would be caused by the intermixing of the sea and 
land airs would not be sufficient to cause condensation. 

NECESSARY CONDniONS PRECEDENT TO FOO FORMATION. 

These are f oimd to be practically the same as those for the Great 
Lakes, and it not infrequently happens that certain well-marked con- 
ditions will be followed by dense fog on both the Lakes and along 
the Atlantic, even the Gulf coast. (See maps Jan. 18-19, 1900, figs. 
172 and 173.) 

Conditions favorable for fog formation are: 

(1) Low pressure to the leeward side with weak pressure gra- 
dients. 

(2) Temperature differences between land and water surfaces 
fairly well marked. 

(3) High humidity. 

(4) Occurrence of precipitation in the direction of the low pres- 
sure. 

(5) Low wind velocities, less than 15 miles, and usually less than 
10 miles an hour. 

Low barometric pressure to the leeward side with weak gradients 
appears to be the sine qua non with regard to fog formation, except 
in a few localities such as Nantucket, where fdg will form at any 
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Pig. 172. — Fog types, interior valleys, January 18, 1900. B, rain ; P, fog. 




Fig. 173. — Fog types, interior valleys, January 19, 1900. B, rain ; F, fog. 
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time when pressure conditions are stagnant and temperature dif- 
ferences will cause sufficient change in wind direction to cause fog. 

With slight LOWS in the Southwest there is not apt to be much 
precipitation in the South Atlantic States preceding fog formation 
in that section, although it will occur quite often with the fog. 

It is noted also that the difference between the land and water 
temperatures preceding fog are not so marked along the South 
Atlantic coast as farther to the northward, but, as the prevailing 
winds are from the water and are, consequently, moisture laden, and 
as the water temperatures are uniformly the higher, there is sufficient 
cooling by mixing to cause partial condensation of some of the vapor 
into fog during the cooler months of the year. 

Low wind velocities are essential to the formation of fog, except in 
extreme cases along the New England coast, where fog will occur at 
times with moderately strong easterly winds, if the land tempera- 
tures are considerably higher, with rather low humidity. In these 
instances there is sufficient condensation to cause fog, but not quite 
enough to form rain. 

It seems, therefore, that of the conditions mentioned above, num- 
bers 1, 3, and 5 are, with very few exceptions, essential to fog forma- 
tion, while Noe. 2 and 4 are quite essential along the northern, but not 
along the southern, coast of the Atlantic Ocean. 

GULF OF MEXICO FOGS. 

It is found that the general rules governing the formation of fogs 
on the Great Lakes and the South Atlantic coast apply equally well 
to the fogs on the coast of the Gulf of Mexico, and it is not necessary 
to repeat them here. As stated before, the conditions are so well de- 
fined at times that fogs will occur along the entire coast from Maine 
to Texas, except along the southern Florida coast, but at other times 
the fogs will be very local in character. The region of maximum 
frequency occurs between the northwest coast of Florida and the 
northeastern coast of Texas, the number of foggy days increasing 
toward the west. The regions of minimum frequency were found on 
the southern coast of Texas and the coast of the Florida Peninsula. 
The diagram (see fig. 174) shows the number of days aa which dense 
fog occurred along the Gulf coast from 1900 to 1913, inclusive. 

The percentage of foggy days for each month, based upon the total 
number of such days for each station discussed, and for the entire 
period from 1900 to 1913, inclusive, together with the monthly mean 
land and water temperatures, is shown in Tables 3 and 4. 
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Fia. 174. — Fog frequency, Gulf coast. 

Table 3. — Seasonal distribution of foggy days^ in percentages of the total 
number observed at each station. 



Twnpa, 
Fla. 



Peoaa- 
oola,Fla. 



MobOe, 
Ala. 



Galves- 
ton, Tex. 



Connis 

ChrM, 

Tex. 



Total number of foggy days.. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 



.percent. 

do,.. 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 



182 

ao 

18 
14 
3 
2 


1 
2 
5 
14 
11 



220 

22 

18 

24 

7 

3 

1 







1 

12 
12 



37 
12 
21 
7 
3 
1 


1 
8 
11 
14 



801 
28 
18 
34 
8 
1 




8 
8 
10 



IM 
3S 
13 
17 
3 
3 


1 
1 

10 
12 
17 
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Table 4. — Mean land and water temperatures (in degrees Fahrenheit). 





^¥ir 


Peosa- 
oola,Fla. 


Mobile, 
Ala. 


Oalrea. 

toDfTex. 


Cerpna 

ChrfaU, 

Tex. 


January: 
Land 


67.4 
59.9 

60.9 
03.7 

05.9 
00.0 

60.2 
72.0 

75.5 
79.0 

78.7 
83.4 

79.9 

85.9 

80.0 
85.0 

78.3 
84.? 

7X0 
70.9 

05.4 
00.8 

59.4 
60.0 


52.2 
55.3 

55.4 
00.4 

01.1 
03.4 

07.0 
70.9 

75.0 
78.0 

80.1 
83.3 

81.3 
85.2 

81.0 
85.0 

78.2 
82.0 

09.5 
70.1 

59.8 
04.9 

53.8 
57.5 


49.8 
50.9 

53.2 
54.3 

50.2 
59.1 

05.9 
05.0 

73.0 
74.3 

79.2 
82.4 

80.6 
85.8 

79.7 
85.0 

70.0 
81.9 

07.1 
74.2 

67.0 
63.4 

51.4 
53.3 


52.7 
64.3 

55.6 
57.2 

02.3 
03.8 

08.7 
71.0 

75.4 
78.2 

81.0 
84.4 

83.0 
80.5 

82.0 
85.8 

79.4 
81.0 

72.4 
76.6 

02.9 
04.3 

50.3 
67.0 


65.3 


Water 


62.8 


Fabmarr: 

Land 


57.1 


Water 


68.0 


Mai^: 

l,«nd. . X a 


04.0 


Water 


05.4 


AprU: 

Land 


70.8 


Water 


71.9 


Mayr 
Land 


70.3 


Water 


78.1 


June: 

Land 


sao 


Water 


84.0 


July: ^ 

Land 


81.9 


Water 


86.6 


*»«E2;d. 


81.7 


Water 


86.9 


September: 

{.^and 


70.3 


Water 


82.8 


Oelober: 

liand . . 


7X9 


Water 


77.2 


l^BTember: 

Land , . 


03.8 


Water 


65.9 


'*«!3Sr. 


57.1 


Water 


50.0 







It will be seen that the fogs were most frequent in winter and least 
in summer, being of very rare occurrence from June to September, 
inclusive. January is the month of maximum frequency, while no 
dense fogs at all were reported during July. 

The seasonal percentages are as follows: Winter 54, spring 80, 
summer 1, autumn 15. The almost total absence of smnmer fog is 
due to the same causes that create a similar absence on the south 
Atlantic coast, namely, high temperatures and high vapor content. 

llie wind directions preceding and accompanying the Gulf fogs 
are not so uniformly from the water toward the land, nor from the 
cool toward the warm air, although in a majority of the cases the 
winds blew from the water surfaces — that is, from a warmer region 
to the southward and southeastward. In many instances exactly the 
opposite conditions prevailed, and fog would form when a cold wave 
covered the land and the cool north and northeast winds would blow 
down to the much warmer Qulf water, causing partial condensation 
in the form of fog, that would at times extend over the Gulf for a 
considerable distance. 

This is the prevailing type for Florida Peninsula fogs, including 
Key West The a. m. map of January 22, 1908 (fig. 175), affords a 
good type of fog formation from cool north winds, but, unfortu- 
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nately, the pressure distribution on the previous day was not such 
as to indicate on the following morning the presence of a cool high 
over the great central valleys and light north winds down to the 
Gulf. In fact, east and southeast winds were indicated, but with 
land and water temperatures about equal. A rare but well-marked 
type, favorable for fog formation on the Gulf coast, is one with 
relatively cool southerly winds blowing from the Gulf, and such a 
condition occurred (m January 24, 1909. On the 23d temperatures 
were abnormally high over the Ohio Valley and the interior of the 
Gulf States, and on the morning of the 24th dense fog occurred fnnn 
Galveston eastward to the northwest Florida coast, and on the 
Atlantic coast from Jacksonville to Charleston, also extending into 
the interior of Alabama, Georgia, and South Carolina. The fog, 
however, was only a morning fog, and soon disappeared under the 
influence of the sunlight. 

General notes. — 1. Quite often fog belts appear to travel, generally 
from west to east along the Gulf coast and from southwest to north- 
east along the Atlantic coast; occasionally the travel will be in the 
opposite directions. By " traveling " is meant the movement, usually 
east or northeast, of a fog belt on the succeeding day or days and 
not necessarily continuing over the section first covered. The condi- 
tion is usually indicated in accordance with the general rules for fog 
formation, being naturally associated with the eastward pressure 
drift. 

2. A good fog type for the South Atlantic and Gulf coasts — high 
pressure over Bermuda and low over Texas and Oklahoma, with very 
weak gradient. 

3. Fogs form quite frequently on the Atlantic coast with a i/)w to 
the northward of Lake Superior and moving northeastward. The 
LOW appears to open up and leave a trough with weak gradients to 
the southwestward and quite often with a moderate low on the Texas 
coast. 

4. Differences between the land and water temperatures are not so 
marked along the Atlantic and/>ulf coasts as along the Great Lakes, 
and fog forms with nearly equal temperatures when the latter do not 
differ sufficiently to cause complete condensation in the form of rain 
or snow. Frequently rain will be falling at one place on the coast 
while at the next station, only a short distance away, there will be 
dense fog. It is usually observed, however, that at the place where 
the rain is falling the wind velocity is greater than where the fog 
prevails and a decrease in the velocity would doubtless be at once 
followed by fog. 

5. The fog belt is not always continuous along a coast It will fre- 
quently fail to form in a locality, yet dense fog may prevail on both 
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sides. Local conditions are probably the cause of this, either irregu- 
larities in wind direction or velocity or in pressure distribution. 

6. The morning map of January 23, 1909, shows an excellent fog 
type from warm southerly winds for the Lake region, Middle Atlan- 
tic States, and New England. Although the barometric gradient was 
quite steep to the east, the ix)w is long drawn out to the west^ with 
practically no gradient 

PACinC COAST FOGS. 

For information regarding the Pacific coast fogs the writer is in- 
debted to the officials in charge of the local office of the Weather Bu« 
reau at Portland, Oreg., and San Francisco, Los Angeles, and San 
Diego, Cal. 

Washington and Oregon. — ^The months of maximum frequency 
are July and September and those of least frequency February, 
April, and December. Fogs are reasonably frequent in Jime and 
October and quite imcommon in January, March, May, and No- 
vember. 

The fogs are caused by the decrease in the land temperatures due 
to radiation so that they become lower than the water temperatures. 
This statement, however, does not apply to the winter months, when 
the land temperatures during the prevalence of fog are the higher, 
and the fog is due to the mixing of air currents of different tempera- 
tures, moving with fair velocity. 

The barometric gradient is weak and the winds usually light to 
moderate from southwest to northwest. At Tatoosh Island, Wash., 
the winds preceding fogs are generally from south or southwest, 
water winds, and blowing with a velocity about 20 miles an hour. 
At North Head, Wash., the winds are usually from the northwest 
(also water winds) and blow from 10 to 20 miles an hour. 

Summer fogs appear about sunrise and disappear before noon, 
while winter fogs may form at any hour. 

Northern Calif omia^ — An interesting chapter on fog formation 
on the California coast will be found in Bulletin L, Weather Bureau 
(Prof. Alexander G. McAdie). 

It may be stated as a general rule that fog will form at any time 
when a high moves rapidly southward from Washington or Oregon, 
or northward from Mexico. Fog will occur to the southward of 
the axis of the southward moving high and to the northward of the 
axis of the northward moving high, that is, in front of the center 
of the HIGH. 

During summer afternoons the temperature gradient between the 
coast and valley regions will often be as much as 60°, and fog will 
then form along the coast without regard to the pressure distribution. 
2*^—16 ^18 
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At times fog will occur following an inversion of temperature, 
but inversion data are not available except at San Francisco. Here 
it is f oimd that if the morning temperature at Mount Tamalpais is 
8^ or more higher than that at San Francisco, fog will form on the 
coast within 24 hours. If the temperature differences are great, fog 
will probably follow during the same afternoon or evening. 

The only pressure distribution types for summer are (1) an ocean 
HIGH over the Mexico or south California coast, with a slow north- 
ward movement, and (2) a high moving down along the coast from 
the northward, attended by fresh westerly winds. 

Southern Calif arma, — ^The pressure distribution type favorable 
for fog formation appears to be a high on the North Pacific coast, 
moving south or soutiieastward, with moderately low pressure over 
extreme southern California or Mexico. The fogs are usually ni^t 
fogs, practically none occurring between 9 a. m. and 6 p. m. Follow- 
ing periods of high temperatures fog banks are likely to form some 
distance to seaward toward the middle of the day, and move in to 
the shore at night, disappearing early on the following day. 

Except at Eedondo Beach, local configuraticm does not favor 
fog formation from well-marked indrafts, such as prevail in the 
vicinity of San Francisco. 

Following will be found some additional maps illustrating the 
meteorological conditions prevailing before and during the occur- 
rence of dense fogs in the interior valleys and over the Great Liakes. 
(See figs. 176 and 177.) 

THUNDERSTORMS. 

At least three-fourths of the summer precipitation in the United 
States east of the one hundred and fifth meridian is in the form of 
showers, with or without thimder;'the majority, however, with 
thunder. Hence what has been said hereinbefore concerning fore- 
casts of precipitation during the summer applies equally well to 
forecasting thunderstorms. 

It will be remembered that the steep barometric gradients and 
strong winds of winter give way to weak gradients and practically 
a stagnant atmosphere in summer. To these conditions there must 
be added high humidity and greatly increased insolation, due to 
the change in season. The interior of the continent is now warmer 
than the adjacent oceans and the horizontal circulation is at a mini- 
mimi. The vertical circulation, on the other hand, is at a maximum, 
and precipitation which in the winter season was mostly orographic 
or cyclonic, is now mostly convective. (See note on convective rains, 
page 113.) 
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Geographic distribution. — ^Roughly speaking, thunderstorms may 
occur in anj' part of this country, but they are infrequent in the 
Pacific coast and northern Plateau States; they are also infrequent in 
northern New England and the Lake Superior region. The region 
of greatest frequency is in the great interior valleys and the Florida 
Peninsula. They are frequent in the Rocky Mountain States from 
northern Wyoming south to central New Mexico. 

The subject of geographic distribution is treated by the writer at 
greater length in Weather Bureau J&ulletin Q (Climatology of the 
United States) , to which the reader is referred. 

Seasonal distribution. — ^In winter the region of thunderstorms is 
confined to the lower Mississippi Valley and along the Gulf coast. 
As the season advances they spread thence to the northward and 
westward over the Plains States, attaining their maximum fre- 
quency in May and June. East of the Appalachians the ma;dmum 
frequency is not reached until July and August. In Florida and 
along the Oulf coast the maximum frequency occurs in the season 
of convectional rains. After July the frequency gradually dimin- 
ishes to midwinter, when only sporadic cases occur in connection with 
LOWS that pass northeastward from the Gulf. 

Diurnal variation. — Cox and Armington Have compiled for Chi- 
cago and Fassig for Baltimore statistics of the occurrence of thun- 
derstorms throughout the 24 hours. These statistics show that for 
Chicago the tune of greatest frequencfy of storms is in the afternoon 
from 1 to 6 p. m.; at Baltimore it is also in the afternoon, with a 
marked maximum between the hours of 2 and 4 p. m. ; at both Chi- 
cago and Baltimore there is a considerable number of thunderstorms 
during the first half of the night, viz, between 6 p. m. and midnight, 
the percentage occurring during that period being SI and 32, re- 
spectively. This is explained on the ground that thunderstorms at 
both stations occur mostly in connection with moving liOws or 
cyclones, whereas in lower latitudes cyclone control is less pro- 
nounced. 

Relation of thunderstorms to pressure distribution. — ^Thunder- 
storms or thundershowers occur in connection with a number of 
types of pressure distribution. We can not hope to present a com- 
plete and trustworthy accoimt of each of them, but we shall en- 
deavor to point out the general principles which should guide the 
forecaster. In a calm, humid atmosphere, with morning tempeif- 
atures 70® or over and pressures from 29.90 to 80 inches, the gener- 
ation of thunderstorms is apparently an easy matter^ and the likeli- 
hood of such storms occurring, especially over northern districts, is 
greatly increased by the presence of a weak cyclonic circulation over 
regions to the* west or northwest or a system of weak opposing winds. 
High winds are inimical to the formation of severe thimderstorms. 



Digitized by 



Google 



276 WEATKEB FOBECASTIKG IK THE UNITED STATES. 

Perhaps the most favorable type of pressure distribution for thun- 
derstorms in the Ohio Valley, the Lower Lake region, the Middle 
Atlantic and New England States is a shallow liow that extends 
trough-shaped southwestward from the mouth of the St. Lawrence 
to the upper Ohio Valley, attended by a high over Minnesota and a 
second high over the Atlantic, the latter with its western end resting 
over the Carolinas. The weather maps of June 16-17, 1892, are good 
types, (See Weather Bureau Bulletin No. 9, " Beport on Forecast- 
ing of Thimderstorms in 1892," by N. B. Conger.) ' 

It has long been known that thimderstorms develop most readily 
in the southeastern quadrant of a circular or oval-shaped liOW, espe- 
cially if both temperature and humidity in that region are relatively 
high. Any region of strong horizontal temperature contrasts within 
a short distance is favorable ground for the development of thunder- 
storms. The regions of surface inversion of temperature menticmed 
on page 260 by Prof. Frankenfield are indicated on the weather maps 
by a decided northward bending of the surface isotherms and a 
southward bending a short distance to the westward, thus indicating 
that the surface temperature over a limited area is higher than in 
adjoining areas in the same latitude. Such a condition, as shown by 
both observation and theory, is provocative of vertical convection, 
through which thunderstorms are produced. Another case much 
similar to the above is that of thunderstorms which occur on the 
shift of the wind in V-shaped depressions and on the eastern front 
of HIGHS that may be advancing into regions of relatively high tem- 
perature and humidity. 

Thimderstorms with indefimte pressure distribution. — As illus- 
trating the apparent lack of association with definite pressure dis- 
tribution we have reproduced the series of p. m. weather maps, Jime 
10-13, 1898 (figs. 178-181). The map of June 12 is characterized by 
an ill-defined trough of low pressure that extends somewhat crescent- 
shaped from Lake Huron to British Columbia, with three centers of 
low pressure, two of which can be shown only by drawing an isobar 
for a pressure difference of 0.05 inch, instead of 0.10 inch. Pressure 
is relatively high over the South Atlantic States and eastern Mani- 
toba, and showers have occurred along the isobar of 29.90 from New 
England to eastern Kansas. On this map there have been entered the 
thunderstorm symbols at those points where such storms occurred be- 
tween 8 a. m. and 8 p. m., June 13, corresponding to the second forecast 
period of the previous morning. The 8 p. m. map of Jime IS, 1898, 
(fig. 181), has also been reproduced (see the folder), largely to show 
the development during the preceding 12 hours; on that map the 
thunderstorm symbol has been entered against those stations report- 
ing the occurrence of thunderstorms during the period 8 a. m. to 8 
p. m., June 14, corresponding to the second forecast period of the 
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morning map of the 12th (see fig. No. 181). These two maps may 
be considered as examples of maps wherein the details of pressure 
distribution are in a measure lost by the magnitude of the interval 
between consecutive isobars, viz, 0.10 inch. European meteorologists, 
in studying the occurrence of thunderstorms, have drawn isobars for 
an interval of a single millimeter and are thus able to bring out a 
number of details. It is often useful to sketch-in lightly the isobars 
for an interval of 0.05 inch, particularly between the isobars of 29.90 
and 30.10, as it is mostly between these limits that thtmderstorms 
occur. 

Thunderstorms in connection with Atlantic highs. — The weather 
maps of August 10-13, 1906 (figs. 182-185; see the folder), are re- 
produced as illu^rating a type of late summer pressure distribution 
that is unusually effective in causing thtmderstorms in the Middle 
and South Atlantic States and westward to Tennessee and Ken- 
tucky. 

The genesis of hiohs similar to the one illustrated is somewhat as 
follows : 

In the late summer months highs that drift slowly eastward along 
the northern circuit seem to take a southward course as soon as they 
ireach the Atlantic, off New England. The extreme western end of 
the HIGH may encroach more or less on the land. In its southward 
movement along the coast it induces cool ocean winds and frequent 
showers over a portion of the South Atlantic States. The map of 
August 12, 1905, shows the center of the high at Bermuda, with the 
isobar of 30.20 touching the continent at Hatteras. Note that the 
thunderstorms portrayed on that map occurred during the period 
8 a. m. to 8 p. m. of the 13th, or in the second period of the forecast 
made on the morning of the 12th. (See figs. 182-185.) 

It frequently happens that when the Atlantic is occupied by a 
high off the Carolina coast the pressure gradient to the westward 
over the great interior valleys is very weak and the morning temper- 
atures are 70° or more. Thunderstorms are likely to occur locally 
throughout the region of indifferent pressure gradients, regardless 
of the barometric configuration, so long, as sea level pressure is be- 
tween 29.90 and 30 inches or thereabouts. The advance of a western 
HIGH and cooler weather is almost invariably attended by general 
thunderstorms along the front of the cooler weather. 

Thunderstorms generated hy excessive temperature and high 
humidity. — The writer has noted that an isotherm of 80° on the 
morning map that is sometimes found as far north as New England 
and the Lower Lakes, in July, may continue for as many as three 
consecutive mornings; but about the afternoon of the third day there 
will be thunderstorms, with lower temperatures. The impression 
that these cases created is that abnormaUy high temperatures and 
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high humidity in the morning in the Middle Atlantic States can 
not long endure without an overturning of the lower layers of the 
atmosphere, such as is produced by the thimderstorm. In this case 
the region of thimderstorms is along and near the area covered by 
the isotherm of 80°. (See weather maps, July 2, 1903; July 10-12, 
1897.) 

Forecasters are aware of the phenomenon of the breaking up of a 
heated spell by a series of thunderstorms. Many referehces thereto 
appear throughout this volume ; hence we will not enlarge upon the 
subject here. 

Winter tkunderatarms. — ^Winter thunderstorms occur in the Gulf 
States and along the Atlantic coast as far north as New England, 
but their occurrence is so infrequent that we need not discuss them. 
Thunderstorms may also occur occasionally in the interior in late 
winter or early spring witli imusually low surface temperatures. 

•REC APmjLATION . 

Thunderstorms are closely associated with lows passing from the 
upper Mississippi Valley to New England. The shape of the isobars 
in liOws with thunderstorms does not seem to be material. The fre* 
quency is believed to be the greatest with ill-defined lows, or troughs 
of low pressure in which the level of the barometer is between 29.90 
and 30 inches. Any depression of the barometer slightly below 
the general level at surrounding points, such $is sometimes occurs 
when a high-pressure system of 30 or even 30.10 inches breaks up 
into two or more separate areas, with slightly lower pressure between 
them, is a fruitful source of thunderstorms. 

A HIGH advancing eastward into a region of slightly lower pres- 
sure and much higher temperature causes thunderstorms along its 
eastern front 

Highs of 30.20 inches pressure, moving eastward over the middle 
Plateau and Rocky Moimtain region, with lower pressure south of 
them are accompanied by thunderstorms along and immediately to 
the southward of the periphery of the high. 

Similarly, highs moving eastward across the Great Lakes and 
northern New England, with a trough of low pressure to the south- 
ward are attended by thimderstorms throughout the low and indeed 
along the southern front of the high. 

Highs over the Atlantic, about latitude 35**, that extend to and 
over the continent in summer and early autumn cause thunderstorms 
and showers throughout the South Atlantic States, and sometimes 
as far west as the east Gulf States, Tennessee, and the lower Ohio 
Valley. Pressure in the interior should be low. 
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CHAPTER X. 

WEATHER AND TEMPERATURE FORECASTS, WASHING- 
TON DISTRICT. 

[COMPRISING NBW ENGLAND, THB MIDDLE AND SOUTH ATLANTIC AND EAST GULF 
STATES, FLORIDA, TENNESSEE. KENTUCKY, WEST VIRGINIA, OHIO, INDIANA, 
AND MICHIGAN.] 

By Alfbed J. Henbt, Professor of Meteorology. 
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DEFINITIONS. 



The term "weather," as used in this chapter, refers to the state 
of the sky, direction and force of the wind, and the occurrence or 
nonoccurrence of precipitation. Temperature refers solely to the air 
temperatures, and is expressed by such terms as " warmer," " colder," 
or " no change." 

FOBBCAST PERIODS. 

Each morning forecast covers two periods of 12 hours each ; each 
evening forecast also covers two periods, but of 24 hours each. 
These periods are referred to as the first and second periods, respec- 
tively. In the morning forecasts the first period begins at 8 p. m. of 
the date of the forecast and ends at 8 a. m. of the succeeding day. 
It is sometimes referred to as " to-night." The name of the day of 
the week is ^ven to the second period in order to avoid ambiguity. 
Thus, "Fair, warmer to-night; Tuesday fair, light west winds," 
would be the form of a morning forecast made on Monday morning. 
The night forecast on Monday evening would be for the 48 hours 
ending at 8 p. m. Wednesday, and it would be expressed thus, " Fair 
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Tuesday and Wednesday, moderate south winds." The above applies 
to all forecast districts of the country as well as to the Washington 
district. 

SEASONAL INFLUENCE. 

The forecaster who follows the weather maps day by day is not 
greatly impressed with the almost imperceptible shading of the sea- 
sons the one into the other, but the beginner must expect to acquire 
a working knowledge of the characteristics of the seasons. Very 
briefly these are as follows : 

Winter, the season of maximum (development of lows and of the 
greatest speed of movement and naturally the most frequent alterna- 
tions from clear, cold weather to warmer, cloudy weather, with rain 
or snow, depending on the latitude. From the forecaster's point of 
view the dominating note of winter is " action," and by reason of this 
fact most of the literature on the subject refers to winter conditions. 

Spring and autumn are both transitional seasons, the first being 
marked by the passage of the dominant cyclonic and anticyclonic 
controls, and the increasing importance of local heating, as manifest 
by the inauguration of convectional phenomena. The beginner in 
the art of forecasting will notice that in late spring the southeast- 
ward movement of western lows across the Rocky Mountain region 
and the Plains States, so characteristic of winter, practically ceases, 
and that there is a tendency for lows to advance northeastward 
from the eastern Rocky Mountain foothills toward the Great Lakes; 
that the southwest lows of winter are no longer in evidence, but that 
there is a strong tendency on the part of northern highs to exert a 
control over the movement of lows and also to linger over the Great 
Lakes or to appear unheralded over the mouth of the St. Lawrence. 

Autumn. — In autumn the pendulum begins to awing toward win- 
ter ; LOWS begin their march across the country, swinging more and 
more to the south, with the advance of the season. Grenerally speak- 
ing autumn is a season of light precipitation. In the Lake region 
November is a month of frequent gales, exceeding in that respect all 
other months. 

Summer is the season of inaction, the bete noire of the forecaster; 
the season when convective action is at a maximum and the fore- 
casting of rain is most difficult. Cyclonic control of the weather is 
at its lowest ebb and is confined practically to the northern portion 
of the country. Tropical storms occasionally visit the Southern 
States in summer and early autumn. 

The LOWS which aflfect the weather and temperature in the Wash- 
ington district come mostly from a westerly quarter ; many of them 
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approach over the northern circuit and belong to the class hereinbe- 
fore described as Alberta, North and South Pacific, and Colorado. 

FRONTIER OF WASHINGTON DISTRICT. 

The geographic boundaries of the Washington district are shown 
in the frontispiece. 

The district forecaster must first of all determine his frontier. 
By frontier is meant that geographic district which is separated from 
the forecast district by an interval of only 24 hours' average travel 
on the part of the high or the low, as the case may be. (Generally 
speaking the Pacific is the frontier of the western half of the 
country and in a less degree for the Chicago and west Oulf districts. 
The Washingt(m district has a somewhat extended western frontier, 
but practically none on the south or east. Its western frontier on 
the north begins anywhere between Saskatchewan on the west and 
Manitoba on the east, and proceeds thence in a southwesterly direc- 
tion to northern Arizona. Thus it happens that lows which appar- 
ently originate in the northwestern comer of the map may be kept 
under observation for at least one day before they reach a position 
whence their sphere of influence within the next 86 hours falls within 
the district. A low situated in the Province of Saskatchewan will 
affect northern Michigan in 24 hours and in case of rapid move- 
ment the lower Lakes region in 86 hours, particularly the tempera- 
ture in the cold season. Arizona lows on the other hand rarely 
affect the weather of the district during the first period, but ti^ 
precipitation in the second period may be quite extensive. In the dis- 
cussion of southwest LOWS in Chapter Y, page 128, the importance 
of determining the 24-hour movement of these lows was emphasized. 
We can but repeat the caution there given. 

The western frontier. — ^As a rule lows which approach the Wash- 
ington district over the northern circuit cause light precipitation in 
the Liake region, rarely continuing longer than 12 hours, except in 
the cold season, when light snow continues along the leeward shores 
of the Oreat Lakes so long as the air temperature remains at the 
freezing point or lower and a fair breeze continues. Whether the 
precipitation will be in the form of rain or snow depends, of course, 
on the air temperatures. The doubtful points in connection with 
forecasts of precipitation from northwest lows are (1) whether 
there will be precipitation of consequence, even in the Lake region, 
and (2) if so, how far south it will extend. When the trough of the 
northern low trails southwestward as far as the middle Mississippi 
Valley and pressure is below 30 inches the prospect of precipitation 
from, say, Indiana eastward to the Atlantic is fairly good. It may 
be said the prospect of precipitation increases with the sinking of 
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the barometer below 80 inches, but if the temperature over the Middle 
Atlantic States is 6^ or 10^ above the normal precipitation will be 
slow in beginning, and may not occur at all, unless the shift of the 
winds from south to west is attended by a fall in temperature. 

A second doubtful point is the direction that the lows will take; 
whether they will pass down the St. Lawrence Valley or southeast- 
ward from Minnesota to the Virginia Capes. In a previous part of 
this work (p. 96) the best indications as to the direction that a low 
' will take are given. To these is added, in this special case, the fact 
that a southeastward movement is not probable unless pressure at 
Bermuda is low. 

Sometimes lows moving along the northern circuit pass otf the 
coast in the vicinity of Long Island and develop into severe storms 
along the coast, as on February 15, 1914, when the pressure in the 
LOW sank from 30 inches on the morning of the 15th to 29.02 inches 
on the Maine coast on the 17th. 

Only a small percentage of lows have a southeastward tendency 
which, as above stated, appears to be controlled by pressure at Ber- 
muda. If pressure at the latter is low, 29.90 inches or less, lows 
that may have advanced to the Great Lakes are very likely to pass 
off the Atlantic coast in the vicinity of Chesapeake Bay. Examples : 
February 28 and March 8, 1905. 

The western frontier for the extreme northwestern portion of the 
Washington district begins, as we have seen, north of the Dakotas; 
it may be traced thence southwestward over the Plains States, New 
Meidco, and Arizona. A low, therefore, in the western frontier 
will influence the weather in some part of the Washington district, 
if not in the first period, then, surely in the second period; and it 
is remarkable how rapidly precipitation will occur ahead of some 
LOWS. For example, on November 6, 1911, a low centered in Colo- 
rado caused g^eral rain in the Washington district in the first 
period up to the western border of Pennsylvania and in the second 
period to the Maine coast Again, on January 9, 1916, rain fell 
within 24 hours at a distance 1,700 miles east of a low that was 
central in Wyoming on the morning of that date. 

It is, of course, impossible, in a work of this nature, to discuss in 
detail the supposed causes of the rapid advance of the region of 
precipitation ahead of the center of the low ; we may say in general, 
however, that when the pressure distribution is favorable to a rapid 
movement of the low it is good practice to carry the prediction of 
rainfall well ahead of the prospective location of the low center. 

In the colder months lows in either Arizona or New Mexico with 
a HIGH to the northeast over the upper Great Lakes may 
cause precipitation in Michigan in the second period; similarly an 
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Ariz<ma or New Mexico low, if it should follow a more southerly 
course, will, under favorable conditions, cause general precipitaticHi 
the second period over practically the whole of Washington District 
soulii of the Ohio and east of the Mississippi. On the other hand, 
liows may reach the far southwest and linger in that region for 
several days without materally influencing the weather in the Wash- 
ington district This means simply that the forecaster must be able 
to properly diagnose the probable movement of lows that occupy 
even the most remote portions of the frontier zone. The diagnosis 
becomes less difficult the nearer the low approaches the district 
The forecaster should always bear in mind that a low over the 
Texas Panhandle or Oklahoma is quite apt to intensify after recurv- 
ing toward the Lake region. In this connection see under ^' South- 
west Lows," pages 123, 124. 

Lows that appear over the Plains States of Kansas and Nebraska 
have a decided tendency in certain seasons of the year to move 
northeastward to the Great Lakes and thence down the St Law- 
rence Valley. Finally, we conclude our remarks upon lows that ap- 
proach from a westerly quarter, with the suggestion that the student 
systematically investigate the movement of lows from various situ- 
ations in the western frontier under different pressure distributions 
that may arise; having due regard for the precepts to be found 
throughout this work. 

A third point in connection with northern circuit lows requiring 
caution on the part of the forecaster is that whenever pressure in 
the Canadian Maritime Provinces is low the reaction to higher pres- 
sures which must f oUpw seems to act as a deterrent upon a western 
LOW and either to block its eastward advance or to cause it to lose its 
seasonal intensity. 

The forecaster should therefore note whether New England is 
occupied by a high or a low. If pressure is low over the Canadian 
Maritime Provinces and New England or over the ocean in the 
vicinity of the Grand Banks, as it wAs during the greater part of 
March, 1915, for example, lows advancing from the west will, as a 
rule, lose their individual energy as soon as they reach New England, 
merging with the general low-pressure system that temporarily occu- 
pies that region. 

Sometimes a circular low which has advanced from the Northwest 
to the Great Lakes with southeast winds on its front causes very 
little precipitation southeastward of its center. (See maps of Oct. 
26-27, 1906, Feb. 24, 1905.) The following is a somewhat similar 
case furnished by Prof. Frankenfield : 

Southwest LOWS moving north-northeast, with their centers west of Lake 
Michigan, will not be attended by precipitation over lower Michigan, Indiana, 
Ohio, and the lower Lakes generally after the low center reaches northern Wis- 
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consiu unless there is a strong high through the northwest with ranch lower 
temperature. 

It is perhaps a good precept in the cold season to consider a rise 
in temperature as inimical to precipitation daring the same forecast 
period and the converse, viz, that other things being equal, a f aU of 
temperature is favorable to precipitation in the same f cnrecast period. 
There are, however, many exceptions to this rule. 

Following are some suggestions relative to the weather of the 
Lake region: 

Sometimes in summer a faint depression moving eastward along 
the northern circuit increases in energy while in the lower Lakes 
region or St Lawrence Valley; a key to the development may be 
found in the 12-hour barometer change over the lower Lakes. The 
fall in pressure is sometimes scarcely perceptible on the morning 
map, but whenever there is a fall when a rise should be expected care- 
ful watch for a development should be made. (See weather maps of 
July 17, Aug. 28, Sept 5-6, Oct. 2, 1905.) 

Northeast winds in the region of the Lower Lakes, due to a low 
which has advanced from the south as far as the New Jersey coast> 
do not, as a rule, cause precipitation alcmg the Lakes; when, however, 
the low approaches from the west the case is different. (See weather 
maps of Feb. 21-23, 1902.) 

TKe southern frontier. — ^The southern frontier lies mostly over the 
Gulf of Mexico beyond the shore line, whence come only occasional 
radiograms in the hurricane season. The subject of the approach of 
West India cyclones is fully discussed in Chapter VJLll, "Hig^ 
Winds." 

Lows that appear along the Oulf coast in the cold season asso- 
ciated with HIGHS to the northeast are nearly always attended by 
generous precipitation, which runs far ahead of the center of the 
low. Thus, with a low over the mouth of the Mississippi and a 
HIGH covering the Middle Atlantic States, the normal northeastward 
extension of the rain area in 24 hours brings it close to the southern 
Pennsylvania line, and into New England in the second forecast 
period. 

It is advisable to group lows of the Gulf coast with reference to 
their position, either west or east of the Mississippi. Thus, lows 
central over Texas may move north-northeast toward the Great 
Lakes via Arkansas and Missouri, or they may take a course more 
due northeast via the Ohio Valley. Again, a high advancing east- 
ward over Kansas and Oklahoma may cause the low to take what 
may be called the outside course, viz, eastward across the east Gulf 
States and then northeastward via the Carolinas to the south coast 
of New England. Such a grouping will doubtless show that the 
tendency to foUow a north-northeast course is almost negligible after 
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the LOW crosses the Mississippi into the State of that name, and 
Alabama. 

In acquiring knowledge of this character one has the opportunity 
to note and study the exceptions to the rule, and therein lies the value 
of a personal study. In the experience of the writer all of the rules 
and precepts known to the art have their exceptions. It is the recol- 
lection of these exceptional cases that sometimes spoil what would 
otherwise ha^ve been good forecasts. It has been often said that one 
of the qualifications of a good forecaster is an excellent memory. To 
this the writer would add that the ability to recall general principles 
in forecasting is a valuable asset to a forecaster, but that recollections 
of some previous failure or exceptional case when the cause of the 
failure or the exception was not understood had best be forgotten. 

Before leaving the southern frontier we remark that lows that 
reach the Gulf coast east of the mouth of the Mississippi generally 
move eastward to the Atlantic by way of northern Florida. Their 
course then will generally depend upon the pressure distribution to 
the northward. In defining the future course of a low central over 
Florida or the Atlantic to the eastward of that State is one of the 
most unsatisfactory requirements of forecast work. We have hitherto 
page 125, remarked on the difficulty of making a timely forecast for 
the Atlantic seaboard when South Atlantic lows develop after the 
morning forecast has been made. 

TJie eastern frontier may be dismissed with the remark that lows, 
except of tropical origin, do not move from the ocean westward to 
the land, and rarely even in the last-named case. The pressure dis- 
tribution over the ocean immediately to the eastward of the continent, 
however, appears to greatly affect the course of lows that may be 
advancing from the west The writer's attention was first drawn 
to the matter by the deep oceanic low off the New England coast on 
February 23, 1905. A brief study made at that time and confirmed 
by subsequent experience leads to the belief that a deep oceanic jiow 
off New England has a marked tendency to retard the speed of lows 
advancing toward New England from the west, and also, as else- 
where stated, to maintain the status quo of the weather in New Eng- 
land and the regions adjacent thereto. Lows thus advancing seem 
to merge with the greater oceanic low, and the effect on the weather 
is merely to continue the current conditions. Greneral rains or snows 
are not probable. 

The northern frontier. — ^Under ordinary conditions lows do not 
advance southward into the district from the north, but some lows 
after reaching the mouth of the St. Lawrence slowly drift southward 
over Maine and pass off to sea over Nova Scotia. 

The action along the northern frontier which most complicates 
forecasts for the northern tier of States is the southward extension 
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of HIGHS that apparently adTance out of the Hadson Bay country 
to the St. Lawrence Valley and then spread southward and west- 
ward, being" attended by a pronounced lowering of the temperature 
as far south as the Middle Atlantic States. These highs, as before 
stated, also serve to block the eastward advance of lows, especially 
in spring. At that season of the year the tendency of the colder 
continental air is equatorward and that tendency often becomes the 
dominating control. A second group of highs likewise centered 
over New England, but which have wedge-shaped extensions to the 
southwest that project over the South Atlantic States, should re- 
ceive the forecaster's special attention. These highs exert a rather 
marked influence upon the weather in the South and Middle Atlantic 
States, since at times they produce northeast winds and rain over 
a considerable part of that region. It is the belief of the writer that 
when the temperature difference along the coast between Jackson- 
ville and New York is slight, 6^ or 8^, then the northeast winds will 
produce light rains from the Georgia coast to the Virginia Capes, . 
and the rain, though generally light, will continue for some time. 
On the other hand, when the temperature differences are consider- 
able, say more than 10°, then there will be no rain except probably 
along the Florida coast. References: October 1-5, 1900; October 12, 
December 24, 1904. 

The precipitation in the cases above described is doubtless due to 
the northeast winds appropriate to the circulation of the high. A 
liow in this case is not a necessary concomitant of the high, but the 
presence of the high creates a favorable opportunity for the develop- 
ment of a LOW far to the southwest 

Rcdn on the v/nder {southern) side of a high. — ^There is evidently 
much mor& than a casual relation between the northeast winds on 
the southern or equatorward side of a high than is generally sus- 
pected. Some of the heaviest rainfalls in the southwest — ^Texas, 
Oklahoma, and eastern New Mexico — are closely associated with the 
southeastward movement of a well-defined high from the Great 
Lakes to the East Gulf or South Atlantic States in connection with 
a poorly defined low in the States named. The winds in these highs 
are continental winds and probably cooler than the winds m the low 
wherein they descend, so that it is probably a case of convectional 
overturning caused by the overflow of a stratum of cold air. 

In connection with the above I add two notes made in 1906 and 
1908, respectively: 

Inclosed hiohs — that is, highs completely inclosed by an isobar — ^moving 
eastward over Tennessee are likely to produce rain along their undersides. 
The most important case is that which occurs when a wedge-shaped high is 
passing off to sea over North Carolina with a low advancing from Texas. In 
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this case rain will be general In the Gulf and South Atlantic States and the 
Ohio Valley. (Mar. 21, 1908, May 29, 1902.) 

A HIGH moving toward the east or northeast gives at times rain or snow on 
Its underside. A high moving southeast Is not so apt to make rain as one that 
moves east or northeast. (See weather map of Mar. 21, 1900.) 

Rcdn in the southwest quadrcmt of a high. — ^This subject is dis- 
cussed on page 137. In this place we merely give some further refer- 
ences to illustrative types, viz, May 6, 1904, August 19-24, 1904, 
December 11, 1904, and add that the phenomenon of rain in the south- 
west quadrant of a rapidly moving high applies best to autumn, 
spring, and summer. 

Rcdn precepts from clouds. — The auxiliary cloud chart that has 
been made for many years in the Forecast Division of the Wash- 
ington Weather Bureau Office shows the kind and amount of cloud 
present and the direction of movement The predictive value of the 
synchronous data of cloud forms and their movement is not great. 
In some parts of the country the movement of cirrus clouds from the 
southwest is an indication of rain, but unless corroborative evidence 
is at hand it is not safe to make a definite forecast of rain on the evi- 
dence of the clouds alone. When cirrus (ci.) change to ci.-st or 
other form of upper-sheet cloud, the rain forecast can be made with 
greater certainty of fulfillment; consequently it is the change in form 
of the cirrus or the succession of the clouds that is of the greatest 
moment to the forecaster. Unfortunately, it is not often possible to 
wait for the change to take place, since these changes generally pre- 
cede the occurrence of precipitation by only a few hours. Sum- 
marizing these remarks, it may be said : (a) A movement of ci. from 
the southwest in the lower Mississippi Valley and Texas is an indi- 
cation that precipitation will occur in that region or to the northeast 
at a later period, 24 to 48 hours after the first appearance of the 
cloud; (&) ci. moving from the southwest over Arkansas and Okla- 
homa, when followed by an overcast sky of ci.-st. indicates that the 
rain will shortly extend into the middle Mississippi Valley; (c) the 
movement of ci. from the northwest in the southeast quadrant of a 
high seems to indicate that the high will increase in strength and 
moye slowly. (See the maps of Apr. 12 and 13, 1906.) 

The orientation of cirrus stripes is of some aid in making the rain 
forecast ; thus when the direction of the striae is northwest-southeast 
the probability of rain is greater than when the direction is north- 
east-southwest. 

When precipitation unexpectedly occurs in any part of a district 
it should be the immediate business of the forecaster to determine, 
for himself at lea§t, the cause of the precipitation; otherwise there 
will be a tendency to forecast too much precipitation on the groimd 
that it has already started and is continuing, the causes being im- 
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known. The same tendency occurs when withm a general low- 
pressure system several depressions of the barometer are found with 
quite general precipitation around them. Such an outlook seems to 
call for forecasts of very general precipitation, but after working 
with several maps of that sort one is quite apt to take the view that 
only a small area of precipitation, the smaller the better, should be 
forecast. 

In concluding our remarks on precipitation we would say that 
LOWS which advance along the northern circuit are not so certain to 
produce precipitation as are those which advance from the south- 
west; and, on the other hand, when a low comes from the southwest 
the weather in its rear will clear just as soon as the wind shifts to the 
west. This is not the case at mountain stations and along the lee 
shores of the Great Lakes when a low advances from the west or 
northwest The weather clears slowly in the rear of a low when the 
temperatures are relatively high and there is no anticyclone in the 
west. 

FORECASTING CHANGES IN TEMPERATURE ( WINTER). 

In Chapter VI will be found a discussion of the subject of fore- 
casting cold waves. The fall of temperature in the cold wave is in 
no way different from the ordinary day-to-day temperature changes, 
except the amplitude of the fall is greater and it is generally accom- 
plished very quickly. 

In winter a rise or fall of 10° in 24 hours is what is technically 
known as a verifying change; that is, a change which should have 
been forecast; in spring and autumn the amount of the verifying 
change is 8"^, and finally in summer it is but 6°. The change is deter- 
mined solely from the 8 a. m. and 8 p. m. observations. (See Figs. 
44-51.) 

The movement of highs and lows is the foundation upon which 
forecasts of temperature changes are generally based. 

In winter, as a general rule, higher temperatures are caused by any 
movement of a low that draws the surface air from lower to higher 
latitudes or from a warm ice-free water surface to the colder land ; 
thus in the cold season winds from the Gulf of Mexico or the 
Atlantic Ocean will invariably cause a ris6 in surface temperature 
over the land. There is, however, this important local exception to 
be noted, viz, a low moving northward along the Carolina and 
Virginia coasts will not cause a rise of temperature in the interior of 
North Carolina or Virginia, although it will get warmer on the 
coast of both States. Temperature will fall on the coast as soon as 
the wind shifts to the west or northwest. This exception probably 
means that the warm air drawn toward the center of the low 
evidently does not continue in its spiral course around the latter. 
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A sharp rise in temperature in the interior regions of the Washing- 
t<Mi forecast district is caused by North Pacific lows of winter, 
especially when they follow a well-defined high that has moved 
southeastward from the Dakotas to the South Atlantic States. 
When a North Pacific low gets as far eastward as the Dakotas, 
warmer for the Ohio Valley, the second forecast period should be 
forecast except when the intervening high occupies the Mississippi 
Valley and is open to the north. References: January 3-7, 1901; 
December 8, 22, 1902; February ^t-6, 1904; and January 19-22, 1906. 

Following are some of the writer's precepts for Ohio for the second 
forecast period : 

It wiU be wanner second period; (1), when low temperatures are reached 
on the front of a high (zero or lower) 24 hours previous, because the re- 
action wiU be generally as much as 10"* or more, unless a strong high remains 
to the west and north; (2), on the advance of a low, the center of which 
at the time of the forecast may be north of Montana and the high over 
Ohio or slightly to the west; (3), with a north-south low that moves slowly, 
the center of which at the mornUig observation extends from Minnesota south- 
west to the Texas Panhandle; (4), with a high central over Lake Michigan 
open to the north, isobars trending northwest-southeast and a large area of 
higher temperature in Ck>lorado, Wyoming, and Montana; (5), with southeast 
winds from a high into a trough of low pressure. 

It wiU be colder second period in Ohio : 

(1) With a V-shaped depression, extending from eastern Lake Superior 
southwest into Nebraska, when there is a sharp rise of pressure in the north- 
west. 

(2) With a cup-shaped low directly north of Ohio, a strong high along the 
Oulf coast, and a second high at Prince Albert, Saskatchewan, isobars spade- 
shaped to south. 

(3) With a low north of Lake Superior, spade-shaped high in Saskatchewan. 

(4) With LOW in Texas and strong highs northwest and northeast This is 
often a case of warmer, the first period followed by colder the second. 

(5) It will be colder the second period, with a high over Montana, isobars 
trending northwest-southeast with only a slight depression in the region of the 
Upper Great Lakes. 

(6) With a trough of low pressure from Lake Superior to the Texas Pan- 
handle and a high over the plateau. (Practically the same as No. 1.) 

In the above it is assumed, of coarse, that normal movement will 
continne. The writer has found it very helpful to prepare such gen- 
eralizations for each group of similarly situated States in the dis- 
trict and to note the departures therefrom which occasionally occur. 
The particulars wherein individual failures occur should be care- 
fully committed to writing, for only in this way can one eventually 
acquire a comprehensive view of the subject, and thus pass from the 
specific to the general; for example, out of rule 1 for warmer in 
Ohio the second forecast period has been developed the following 
general rule applicable to fast-moving hiohs wherever located : 

**— 16 ^19 
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The temperature rises rapidly in the rear of a rapidly moving 
HIGH, especially if the temperature fall that occurred on its front 
was decided. When the temperature sinks to 25° or 30° below nor- 
mal it is safe to forecast warmer as soon as the crest of the high 
passes to the eastward of a place. (Jan. 10, 1906.) 

After all, this is but an expression of the fact that air temperatures 
continually seek a state of equilibrium or a return to normal con- 
dition. 

The foregoing relates mostly to winter conditions. 

TEMPERATURE CHANGES IN THE WASHINGTON DISTRICT IN SUMMER. 

The greatest number of temperature changes, including temporary 
ones caused by thundershowers, occur in the daytime, especially in 
the South and Southeast In the mountain districts a relatively 
large number occur at night, and in the region of the Great Lakes 
the division between day and night is more nearly equal than else- 
where. The eastern interior stations, like Scranton and Harrisburg, 
Pa., Richmond and Lynchburg, Va., etc., run parallel with respect 
to the number of changes, while the coast stations, such as Norfolk, 
Va., Wilmington, N. C, etc., have a smaller number of day changes, 
and the night changes are still less in number. In the South, includ- 
ing Georgia, the night changes are very few in number. Charlotte, 
N. C, should be included with Georgia, as regards night changes, and 
Raleigh, N. C, with Richmond, Va. 

Probably the most important temperature forecasts for the Wash- 
ington district that are made in summer are connected with the 
breaking up of a hot spell or heated term, of which we will notice 
first the more or less local hot spell as opposed to the general hot 
spell or heated term. The distinction in mind is mostly concerned 
with the geographic location and the duration of the heated term. 
The heated term of the Middle West States and the interior valleys 
is often prolonged and coupled with severe drought as, for example, 
during the summer of 1913. In the Washington district short-lived, 
but rather intense, heated terms occasionally arise about the first week 
in July under the following-named pressure conditions. High pres- 
sure, 30.10 inches, is central over the South Atlantic States, and may 
extend as far west as the Mississippi, but the pressure gradient from 
the coast westward is very weak — ^not more than two isobars in about 
600 miles. When under these conditions a liOw moves eastward across 
the Lake region, for reasons well understood, surface temperatures 
in the Middle Atlantic States reach a relatively high value; the 
humidity is also high and the combination, high temperatures and 
high humidity, produces great discomfort A characteristic of these 
short-lived heated terms is the high night temperatures experienced. 
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as one may perceive by the isotherm of 80° on the morning weather 
map. The isotherm of 80° generally first appears over southeast 
Virginia and northeast North Carolina as a result, doubtless, of 
a fall in pressure east of the Appalachians which takes place as the 
northern liow passes down the St Lawrence Valley. This fall in pres- 
sure makes itself visible on the weather maps by producing an inden- 
tation in the isobar surrounding the south Atlantic high, which at 
this point trends northwest-southeast from western Pennsylvania to 
Hatteras. In any event, there is created east of the Appalachians a 
sort of secondary depression which eventually becomes a trough of 
low pressure extending from the Virginia Capes to the mouth of the 
St. Lawrence. (See the map of July 3, 1903.) The isotherm of 80° 
in the morning map first appears in this trough and rapidly spreads 
northeastward to and inclyding southern New England. If, now, 
a high follows the northern low in its passage eastward across the 
Great Lakes, the high temperatures are quickly dissipated by cooling 
showers. If, however, instead of a high following as above, a second 
LOW should immediately follow the first one, then the temperature 
conditions are intensified and the discomfort continues. Morning 
temperatures above 80° are not, however, apt to persist in the humid 
regions of the East longer than three or four days at the outside 
without local overturning taking place, which results in a tem- 
porary cooling by showers. The relief from the high temperature is 
brought about by the development of a high in the Lake region 
or still farther west in conjunction with the gradual disintegration of 
the south Atlantic high. The latter, however, gives no certain indi- 
cation of its disintegration and, therefore, the forecaster must be on 
the lookout for the development of a western high and a general 
shower map. 

Prolonged and intense heated terms such as that of the summer 
of 1913 in the Middle Western States are probably due to funda- 
mental causes in the general circulation, the nature of which we do 
not know. We are, tJierefore, unable to forecast their ending until 
signs of dissolution appear on the weather map. These are the dis- 
integration of the southeastern high and the development of a high 
in the northwest 
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CHAPTER XI. 

FORECASTING THE WEATHER AND TEMPERATURE, 
CHICAGO DISTRICT. 

[COMPRISING THE STATES OP ILLINOIS, MISSOURI. WISCONSIN, BUNNBSOTA. 
IOWA. NORTH DAKOTA, SOUTH DAKOTA, NEBRASKA, KANSAS, MONTANA, AND 
WYOMING.] 

By HmvBT J. Cox, Professor of Meteorology. 



Geographic boundaries of the district. — The confines of the dis- 
trict are i^own in the frontispiece. There are many types of storms 
(lows) which cause precipitation withm this large area, the place 
of origin and direction of movement differing with each particular 
type. In the following paragraphs these conditions will be discussed 
and references given to characteristic maps of each type. The 
normal direction of storm movement over the forecast district is 
from west to east. The large majority of the lows take the normal 
course, but many are diverted from their usual track by conditions 
of pressure and temperature which ordinarily appear on the weather 
map. (See figs. 31 and 32, Ch. V.) Beyond the Divide in Mon- 
tana the semi-Pacific coast type of weather is found, while generally 
throughout the States of Montana and Wyoming and on the eastern 
Rocky Mountain slope conditions of the subarid type prevail. Well- 
marked depressions pass over the northwestern sections frequently 
without precipitation. These depressions are termed "dry lows," 
and usually, even when not dry, the precipitation is rather light 
Over the southeastern portion of the district the passage of dis- 
turbances is not as frequent, but the accompanying precipitation is 
much heavier and more extensive. 

WEATHER AND TEMPERATURE FORECASTS. 

In the forecasting of weather and temperature, the velocity and 
direction of movement of highs and lows must be considered and 
also all conditions that have a bearing upon these movements. We 
must estimate from the weather map what the distribution of pres- 
sure will be during the period for which the forecast is being made. 

The normal direction and speed of highs and lows are shown in 
a general way by Bigelow's chart; but there are several well-worn 
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tracks that do not appear. To Bigelow's tracks over the Chicago 
district we might well add a track called the ^^ overland route,'^ which 
passes slightly north of east from Colorado through Kansas and ex- 
treme northern Missouri to northern Illinois, joining near Chicago 
Bigelow's southwest storm track. Another frequented route is frcHn 
the west Gulf region northeastward, crossing the Mississippi at 
Cairo, and thence to the lower lakes. The trend of movement of 
low pressure areas in the northern Rocky Mountain and Plateau 
region in the colder months is normally in a southeasterly, or at least 
south of east direction, because the prevailing westerlies are more 
or less shut off and the currents in the higher altitudes which govern 
or control the direction of these storms turn more to the southeast, 
while east of the mountains, as the altitude decreases and the pre- 
vailing westerlies become more a controlling factor, the direction of 
movement is more east and northeast In the Gulf region the aver- 
age direction is almost due east, and farther north it is north of east 
On the other hand, the normal trend of high pressure areas in the 
United States is southeast. 

The discussion by Bowie of the method for determining the direc- 
tion and velocity of storm movement which appears in the Report 
of the Third Convention of Weather Bureau Officials, Weather Bu- 
reau Bulletin Na 81, has much value, and the contribution by Bowie 
and Weightman (Monthly Weather Bureau Supplement No. 1, 1914) 
furnishes additional information regarding storm tracks across the 
country. 

Movement of Iowa. — ^A high of great magnitude in front of a low 
often seems to retard the low's progress and sometimes even to turn it 
decidedly from the usual course. The influence of a high, whether 
in front or in the rear, in crowding out a low depends largely upon 
the temperature of the high, since the low seeks to avoid cold weather, 
moving rapidly if cold is in its rear, and -slowly if in front This 
applies to all seasons of the year. (See maps of Nov. 20-Dec. 1, 1908, 
and Jan. 29-81,1914.) 

When a high of great magnitude is in the rear of a low the move- 
ment of the latter is greatly accelerated. A low will usually take 
the route where the pressure is relatively low and the temperature 
above normal. It would seem that in advancing, a low seeks warmth, 
avoids cold, and tends to travel in the direction of relatively low 
pressure, high humidity, and the area of greatest rainfall, other con- 
ditions, not preventing. 

When the pressure is high northeast and east of a low, the latter's 
movement will ordinarily be slow, while if there is no high pressure 
of any importance in front of a storm the movement will ordinarily 
be rapid. 
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The blocking of storm movement in the Chicago district by con- 
ditions 2,000 miles or more away is sometimes apparent, nor are 
these obstructions always confined to areas of high pressure of con- 
siderable magnitude. 'Instead, the contributing cause is often a 
deep LOW centered over or off the north Atlantic coast; whence a 
steep barometric gradient extends backward across the Lake region 
to a HIGH over the Mississippi Valley, with winds blowing out of it 
toward the eastern low. Under such conditions a disturbance which 
is centered on the eastern slope of the Bockies at the same time, and 
which would ordinarily be expected to move eastward, is invariably 
turned southward and does not cause precipitation over the North 
Central States. Precipitation in this district will then occur only in 
Kansas, Missouri, and southern Illinois, as. the western low pushes 
southward. (Mar. 2-8, 1914; Mar. 18-19, 1914.) When a western 
LOW under such circumstances is diverted from its normal course 
and moves southward, it usually continues in that direction until it 
reaches Texas, when it may recurve to the east or even to the north- 
east. There is usually a well-marked increase in pressure over the 
northern Eocky Mountains or northeastern slope following the 
southerly movement of the Western low. This abnormal movement 
is doubtless because under such conditions the eastern low, with its 
widespreaii depressicm, moves away very slowly; in fact, so slowly 
that tiie HiOHS and uo^s to the westward are bloeked off, as it were, 
and unless the low takes the abnormal course, it will have to remain 
practically stationary. 

When HIGHS and lows have remained stationaiy for two or three 
days, the first indicaticm of a change is a fall in pressure at some 
point, either in the trough of low pressure between the highs or in 
one of the highs. If the fall occurs in the trough or in the high 
lying to the eastward it is certain that the stagnant conditions are 
giving way and a change will occur immediately, even though there 
is no apparent change on the ^^A'' chart. In the case of persistent 
highs of spring over the Great Lakes region, which retard the ad- 
vance of southwest LOWS, the first indication of their moving away is 
a fall in pressure over the upper-middle Mississippi Valley. 

If severe cold overspreads the British Northwest and the north- 
em Rocky Mountain region or reaches southeastward over North 
Dakota and Minnesota, a low advancing from the Pacific is diverted 
south of its normal track and usually moves south-southeastward 
across the middle Eocky Mountain region to the Texas Panhandle 
before it turns eastward or northeastward. (Feb. 9-12, 1905 ; Dec. 28, 
1911; Jan. 9-11, 1912.) 

There seems to be a tendency in the spring for lows to avoid the 
Great Lakes region, even when they are as far east as Manitoba; 
doubtless because of the cold of the Lakes. Numerous instances 
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have been noted where lows moved in a southeasterly direction, esp^ 
cially in the month of April, instead of taking the northern circuit 
across the northern lakes. Sometimes the southeasterly movement 
may not take them entirely clear of the Lakes, but a section of the 
disturbance may skirt the southern portion. A number of instances 
of the movement of ix>ws far to the south of their normal track 
may be found in April, 1902, and April, 1908, and in other spring 
months. (Apr. fr-6, 1902 ; Apr. 17-19, 1902 ; Apr. l-*, 1903 ; Apr. 10- 
18, 1903; Apr. 1-20, 1903; Apr. 23-26, 1903.) 

While a well-marked high in the rear of a low accelerates the 
movement of the latter, the low, when well developed, will usually 
advance without any high of consequence in its rear; but if the low 
is of the trough form, extending southward over the Bocky Moun- 
tain region or plateau, for instance, its movement eastward will 
be delayed until a high appears in the rear. The deeper the trough 
and the farther south it extends the slower wiU be its movement, re- 
gardless of the geographical position. 

When a low is centered over the middle Rockies and the barometer 
is falling in its front, where there is no atmormal cold, the direction 
of movement is usually indicated by the point of greatest 12-hour fall 
in pressure. If this is northeast of the center the low will generally 
move northeastward; and if southeast, the low will move in that 
direction. (Feb. 4 (p)-5, 1908; Mar. 24r-25, 1914.) 

If there is no distinct trough extending southward from the storm 
center precipitation will not extend much soutiieast of the center. 
If the trough extends southward from the center the area of precipi- 
tation will extend southeast, but it will be followed by clearing 
weather, as is usually the case when the disturbance moves rapidly. 
(Feb. 4(p)-6, 1908; Mar. 24^26, 1914.) 

If the LOW moves in a southeasterly direction, the area of precipi- 
tation southward and eastward will be more extensive, the rate of 
movement will be slower, and the clearing up will also be slower. If 
the greatest 12-hour pressure fall is southeast of the storm center, 
over Texas and Oklahoma, for instance, this southerly route can be 
safely counted upon; but it is a fact that this route is often taken 
when the greatest 12-hour fall in pressure is coincident with the 
storm center or even in the rear of the center. (Apr. 27 (p)-29, 1908 ; 
Dec. 4-6, 1910; Jan. 27-29, 1912; Feb. 22-28, 1914.) 

When a well-marked low is centered over the Canadian Northwest 
with a broad trough extending southward over the Missouri Valley 
and the eastern slope of the Kockies, apparently moving eastward, 
and the barometer is as low as 29.70 inches in Colorado, the trough 
will often not move eastward, but by the next morning a well-marked 
low will be f oimd centered over western Kansas or the Texas Pan- 



Digitized by 



Google 



WEATHEB FORECASTING IN THE UNITED STATES. 297 

handle; especially if the greatest 12-hour pressure fall is over the 
middle Bockies or an adjoining section. The northern portion of the 
disturbance will be dissipated ; the storm appearing as a redevelop- 
ment farther south. (Apr. 20 p. m., 21, 1910; Apr. 15 p. m., 16, 
1914.) When a long trough reaching from northern Minnesota or 
western Lake Superior to the far southwest is moving eastward 
either rapidly or slowly and a high in the rear is slight as compared 
with the one in fr(mt, especially if the western high is hardly above 
30.00 inches and the barometer is low in the southwest, a low will 
be found centered in the southwest the foUowing morning; and if 
rain the preceding morning is falling in the southern portion of 
the trough, for instance in Kansas, Oklahcmia, or Texas, the south- 
western disturbance will become a general rain liow and the weather 
will not clear in Missouri, Kansas, or southern Illinois. The map 
of September 14, 1915, is an instance of this kind, even though the 
greatest 12-hour rise in pressure was over the southern Plains States 
(.44 inch at Pueblo, Colo.). This rise would ordinarily indicate 
fair weather for the southwest section, but in this instance rain 
there was general the next day. 

The southern end of a trough under such conditions seldcmi com- 
pletes its movement eastward, even when the following high is of 
moderate magnitude, as shown by the map of Sept. 10, 1915; but 
in the latter case there was no rain in the southern pension of the 
trough, the precipitation being confined to northern sections. 

In a previous paragraph we have referred to other types of storms 
with the greatest 12-hour pressure fall to the south or southeast of 
the center and it is a fact that in practically any district with such 
development we should usually look for a southeasterly movement 
of the storm with increasing diances for precipitation. 

When a low in winter is centered on the middle or north Pacific 
coast, whence it extends in a trough southeast across the Rockies to 
the eastern slope, frequently the eastern section of the disturbance 
will develop as a separate disturbance and advance eastward and 
northeastward, the high at the same time pushing down from the 
northwest and advancing southward over the Dakotas. If the low 
on the Pacific is not very deep, no lower than 29.60 inches, the high 
will probably continue its movement southward over the Plains 
States, but if the low is quite deep and the isobars in front run in a 
northwest and southeast direction the high will not do this, but in- 
stead will move eastward across the frontier States and the Great 
Lakes, the movement of the high eastward usually being indicated 
by the point of greatest 12-hour rise in pressure. (Jan. 15-16, 1896 ; 
Mar. 12-18, 1906; Jan. 24-25, 1914.) In maps of February 10-13, 
1905, illustrating the type where the pressure was not very low, the 
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cold was felt over this entire district, owing to the fact that the 
initial temperatures were already low before the high appeared.^ 

A trough of low pressure extending from north to south moves 
eastward very slowly across the Plateau and Rocky Moimtain re- 
gions, but by the time it reaches the Plains States its motion east- 
ward is accelerated and it is still further increased as it passes across 
the Mississippi, except when the pressure is abnormally low in the 
trough, or in spring, when retarded by highs over the Great Lakes 
region. 

Lows originating in the Gulf region seldom move northeast over 
this district, as their direction of movement is normally eastward, 
but when a high is present on the south Atlantic coast these ijows 
often take a northeasterly course up the Ohio Valley and across the 
Lower Lake region. This direction of movement, however, is gen- 
erally shown by the changes in pressure on the barometer change 
map. If a ijow is centered west of the lower Mississippi at 
Galveston, for instance, this northeasterly movement is always pos- 
sible, but if the center of the disturbance passes as far eastward as 
New Orleans it will then very rarely move northeast, or northward, 
imtil after it reaches the Atlantic coast (Feb. 9-10, 1912; Feb. 
13-15, 1912.) There have been, however, movements directly north- 
ward, and these are sometimes indicated by the pressure-change chart, 
as in the low of January' 30-31, 1914. The disturbance of April 14, 
1914, moved directly northward, but this direction of movement was 
not shown by the pressure map. 

Often LOWS moving from the southwest or from the Gulf regicm 
are retarded and held back by a high over the Great Lakes r^on, 
and sometimes the lows are forced back into the southwest and even 
into the Gulf of Mexico. In this case the highs evidently block the 
normal progression of the. lows as they do the advance of lows 
from the west, as stated on page 134. (June 11-14, 1906 ; Mar. 20-22, 
1909 ; July 6-8, 1909.) These highs become of great magnitude over 
the Great Lakes in the spring; they are discussed on page 134. 

In the Great Lakes region disturbances, as tiiey approach the Lakes 
during the spring and early summer usually decrease in energy but 
increase during the autumn and winter. The isobaric surfaces are 
depressed over the Lakes during tJie spring and early summer, with 
a resulting inflow of air aloft, which increases the barometric pres- 
sure, while the opposite is the case in fall «nd winter as the air over 
the water is then warmer than over the land. This effect is es- 
pecially noticeable in the increase in intensity of highs over the 
Lakes in spring. 

^ The type here described is also discussed In Chap. V, under North Pacific lows, p. 120. 
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Additional information on the subject may be found in Bulletin 
No. VI, Geographic Society of Chicago, " Influence of Great Lakes 
upon movement of high and low-pressure areas." 

PRECIPITATION IN CHICAGO DISTRICT, OCCURRENCE OF. 

To determine when and where precipitation will occur in the 
Chicago district is often a problem. There are, of course, times when 
LOWS move in an orderly manner across the country, acccnnpanied by 
the normal weather distribution. Such conditions are shown by the 
common types of maps and need no discussion here. 

We must realize that there is a great variaticm in the distribution 
of precipitation in this district as regards the storm centers. That 
precipitation occurs in advance of a liOW with clearing or fair weather 
following in its rear was once a generally accepted precept However, 
in the Chicago district a considerable piroportion of the recorded pre- 
cipitation occurs on the west and north sides of a low or a trough 
of low pressure, when the weather to the east and southeast of the 
trough is clear, with accompanjring high. temperatures; and the im- 
settled conditions are found on the ^' break '' and to the northwest, 
that is, where the temperature is falling and the winds are shifting 
to northerly and possibly northeasterly ; in other words, on the north- 
west side of a trough^ assuming that it trends northeast-southwest. 
Sometimes on the southeast and east sides of a trough partly cloudy 
to cloudy weather prevail^, and yet the precipitation does not begin 
until the "break" is reached. (Sept 18-22, 1896; May 31-June 1, 
1912; Jan. 30-31, 1913; Jan. 28-29, 1914.) 

Precipitation on the east and southeast sides of a low or of a 
trou^ is noted much less frequently in the western tiian in the east- 
erii portion of the Chicago district It frequently occurs in front of 
the LOW in the central valleys, while very little under such conditions 
is noted in the Rockies or on their eastern slope, the greater amount 
of precipitation in the latter sections being produced imder the con- 
ditions described in the preceding paragraph on the north or north- 
west side of a low or of a trough.* The northwest lows are often 
dry and precipitation in their front during the warmer months of 
the year in the northwest is usually confined to thimderstorms. In 
northwestern lows whose centers are in the far north, but which 
move eastward across the northern frontier with troughs extending 
southward, there is often much doubt as to the secticms lying to the 
east, in which precipitation will first appear. When the weather is 

» The paper written' by Prof. Joban August Udden entitled ** On the Cyclonic Distribu- 
tion of RalnfaU *' In Auguttana lAbrory PubUoation$ No. 4 presents an interesting study 
of the distribution, In the west and middle west, of precipitation with reference to the 
position of the liOW. * 
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clear, or but little cloudiness prevails in front of an easterly moving 
trough,^ and the center is well to the north and the depression is 
shallow, the disturbance may pass over the eastern confines of this 
forecast district without causing precipitation, and in that case it is 
termed a " dry " low. Mar. 2»-25, 1910 ; Oct 6-7, 1912 ; Nov. 20-21, 
1912 ; Nov. 27-28, 1912.) Regardless of how clear the weather is in 
advance of such a trough, one must realize that precipitation is bound 
to start at some place during the movement eastward. The chances of 
precipitation depend largely upcm whether the trough extends well 
to the southward over the district and beyond, upoa the deepness of 
the trough, and upon the trend of the isobars and the position of the 
HIGHS in front and to the rear of the depression. When the trough 
extends south westward, as we have said before, precipitation seldom 
occurs in front, but is confined to the rear and to the sections on the 
northwest side of the trough. With the trou^ extending directly 
southward, however, conditions are more uncertain and complicated. 
Rarely will precipitation in front of one of these troughs begin as far 
west as the eastern slope of the Rockies, and often a beginning is 
not made until the Mi^uri Valley is reached and more often not 
until the Mississippi Valley is reached. 

Sometimes precipitation follows immediately in the rear of a high 
on its west side and far in advance of the center of the following 
LOW, but such precipitation is a feature of the high rather than 
of the LOW, except in the case of thunderstorms; and it is most fre- 
quent when a high has not been accompanied by clearing weather, 
but ratiier by cloudy and unsettled weather both in its front and rear. 
(Feb. 8-10, 1913; Apr. 3-5, 1914.) 

Rain is likely to occur on the southwest side of a high,' especially 
in the spring, and early smnmer, in the southwestern portion of the 
Chicago district, when the high the day previous is located over the 
Northwest and moves in a southeasterly direction across the Upper 
Lakes, with a trough of low barometer at the same time extending 
from north to south over the Rocky Mountain or Plateau region, 
usually from the extreme north to the extreme south. This rainfall 
on the southwest side of a high is especially likely if rain is already 
falling on the southeast side of the high. (May 3-5, 1911 ; June 28, 
1911 ; Jime 21-22, 1912.) See pages 305-308 for further reference to 
influence of highs upon precipitation. 

As stated before, whether rain falls in front of a trough of low 
barometer or a well-defined storm center with circular or elliptical 
isobars depends largely upon the trend of the isobars in front. 

1 The term " trough *' as here used by the author eridently refers to the entire 
phenomenon of circulating windi around an area of low pressure and is, therefore* syn- 
onymous with the term low as elsewhere used throughout this work. — ^Editor. 

* See also remarks on this subject in Chap. X, p; 286.~£ditor. 
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Should the isobars in front of a trough run from northeast to south- 
west rain does not usually fall on the east or southeast side, but as 
the isobars incline more and more to a northnsouth direction rain is 
more and more probable, and when they reach from northwest to 
southeast rain is practically certain. 

Examples, 

Isobars northeast-'SOuthi€est.''Octoher 14-17, 1908 ; March 16-17, 1912 ; Octo- 
ber 13-14, 1914; April 2-3, 1913; April 22-23, 1913; January 30-31, 1913. 

Isobars norMr-^ouf A.— April 3-<5, 1910 ; November 30-December 1, 1912 ; May 1, 
1912; April 2&-26» 1912; October 22-23, 1913; July 1-2, 1912. 

Isobars northwest-southeast— FebrusTj 11-12, 1914 ; May 1&-19, 1913 ; March 
2, 1912; April 7-0, 1918; May 13-14, 1913. 

In some well-defined i/)W8, central over eastern Colorado or western 
Kansas, for instance, the isobars on the southeast side run from 
northeast to southwest, while in the northeast quadrant they turn 
in a northwest direction. In such a case precipitation is quite cer- 
tain in the latter quadrant, but not at all probable in the southeastern. 
(May 1-2, 1910; May 19-24, 1912.) 

It is comparatively easy to estimate in advance the area that will 
be covered by precipitation in connection with an approaching low 
or trough when the precipitation has already started on the east side 
of the low, but the difficulty in the Chicago forecast district is that 
the disturbances are usually dry as they approach the western limits 
of the district, and the forecaster must face the problem of locating 
the sections in which rainfall will first appear. (Apir. 14-16, 1910; 
Jan. 6-7, 1913; Sept. 28-24, 1913.) If the pressure in the trough of 
the depression is as low as 29.70 inches at Omaha, it is seldom that the 
depression gets by the eastern Iowa stations without causing pre- 
cipitation, except during dry periods. (Feb. 18-19, 1907; Jan. 25- 
26, 1910; Feb. 17-18, 1912; Mar. 16-17, 1912.) Should the barom- 
eter not be as low as 29.70, in southern and eastern portions of the 
trough, precipitation in appreciable amounts is not likely to start 
until Wisconsin or Illinois is reached. (May 17-18, 1912; June 3-4, 
1912.) As the depression advances eastward the area of rainfall 
steadily extends southeastward, gradually embracing a larger area, 
providing the isobars in the trough have a north-south direction and 
the HIGH in front is in the form of a long ridge, extending from 
north to south. If the high, however, is located well to the south 
and covers the South Atlantic region, the area of precipitation, in- 
stead of extending farther southeastward with the progress of the 
LOW, is confined rather to the Northern States, the southern boundary 
of the rainfall area extending farther and farther northward, pro- 
vided the southeast high remains stationary. If, however, the high 
mdves off the coast, the rain area will cover the Southern States. 
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Generally the tendency is for the area of precipitation to spread east- 
ward, although it sometimes spreads southeastward, sometimes north- 
eastward, and sometimes even northward, depending upon the dis- 
tribution of pressure and temperature at the time. 

When there is a rapid succession of northwest uows, with only a 
slight trough extending southward, these are usually attended with 
but little precipitation in the Chicago district, doubtless because 
the atmosphere has not had time to accumulate sufficieat moisture 
during the rapid changes. Moreover, when the low is shallow, 
there is usually less probability of precipitation than when it is deep 
and, when only a couple of isobars separate the high in front from 
the LOW, the chances of precipitation are very slight. In these cases 
the HIGH does not extend northward over the Lakes, 'and the low 
takes a northerly route. 

During a prolonged drought lows which ordinarily cause precipi- 
tation in certain sections will sometimes pass eastward without 
causing even cloudy weather. There is a persistency in drought con- 
ditions just as there is a persistency in rainy conditions. Rain will 
not be produced by an average rain type during drought, but only by a 
decided change. So also, during persistent and rainy conditions, pre- 
cipitation occurs in connection with disturbances that, in normal 
periods, would not cause any precipitation whatever. 

Drought conditions.— Svlj 25-27, 1894; July 8-26, 1901; July, 
1913; July 31-August 1, 1913. 

Wet periods.— F^meiry 9-24, 1898; July 1-14, 1905; January 
10-25, 1907; December, 1909. 

When a northwest low is preceded by clear weather in its front, and 
at the same time there is some rain falling in the southwest, due pos- 
sibly to its situation on the southwest side of a high, or to a low in 
the far southwest, this rain will invariably extend rapidly northward 
through the northern low. For instance, we may have a dry low cen- 
tered over Montana or Alberta, with a high over the middle Western 
States and clear weather between the high and the low, and some 
rain in Texas, Oklahoma, or perhaps Arkansas. By the next morn- 
ing this rain may reach northward over the Mississippi Valley and 
the States lying directly west. This type is very common. (Apr. 
2-4, 1910; May 14-16, 1910; Mar. 25-26, 1911; Apr. 17-18, 1911; 
Nov. 20, 1913.) 

A modification of this type is shown on maps where an unim- 
portant LOW is centered in the Northwest with a shallow trough, and 
which might be expected to pass eastward as a dry low, it being 
fair generally throughout the Northwest. But if rain is falling in 
the Middle States, Indiana and the Ohio Valley, for instance, al- 
though this precipitation has no connection whatever with the north- 
western disturbance at the time, being due to some other unsettled 
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condition, the rain area may spread westward to meet the advancing 
trough. The map of Sept. 17, 1915, is an instance of this type. By 
the morning of the 18th the rain area had spiread directly westward 
over Iowa to the central portions of Nebraska and Kansas, and dur- 
ing the day spread northward to the Great Lake region, the dis- 
turbance being centered on the morning of the 18th over Lake 
Superior. 

Another type, in which the rainfall extends eastward instead of 
northward or westward, is well illui^rated by the maps of April 
19 and 20, 1916. In this case the low was centered in the Middle 
Missouri Valley, with wide-open isobars to west and southwest. The 
weather in front of the low was clear, but precipitation was general 
in the Bocky Moimtain region in the rear, and it spread directly 
eastward over the entire forecast district, including even Kansas and 
Missouri, w^ch were located to the south of the center of the low. 

When a low with circular isobars moves northward or northeast- 
ward over tHe central valleys and the southwestern portion of the 
Great Lakes, the movement is very slow and the weather does not 
clear up to the west, precipitation often continuing for days as far 
west as the Dakotas and Nebraska, even though the center of the 
disturbance may have passed east of the Chicago district. In connec- 
tion with these circular lows unsettled conditions in the West are 
often so persistent that they extend into the high in the rear and con- 
tinue until another disturbance advances from the Pacific Under 
these conditions in the wintertime it is advisable to predict a con- 
tinuation *of precipitation over the States on the eastern slope of 
the Rockies.^ (Mar. 12-15, 1901; Jan. 28-29, 1909; Apr. 29-May 1, 
1909; Oct. 24-26, 1908; Nov. 27-Dec. 1, 1910; June 16-17, 1911; Oct 
15-17, 1911.) 

Lows which originate in the Southwest,* of course, are usually at' 
tended by widespread pirecipitation, the conditions there being such 
that there is no doubt as to whether rain or snow will occur. The 
pressure changes in front of these lows usually show their direc- 
tion of movement. A low which moves f rcwn Colorado eastward over 
the ^ overland route," is generally accompanied by precipitation in 
nearly all States of the Chicago district, on accoimt of the favorable 
position of its track. Such lows, however, seldom cause precipitation 
in Kansas. In the winter and fall they usually increase in energy 
as they approach the Lakes (Jan. 19-21, 1895; Jan. 17-18, 1910; Nov. 
16-18, 1911), while in spring they lose en^gy in their eastward ap- 
proach (May 8-5, 1905; May 13-15, 1905; Apr. 13-16, 1912). 

A LOW which moves dowly and extends as a trough of low pressure 
from the western Gulf region over the Central Valleys to the Lake 

^ See also the discussion of slow-moylng lows, Ch. V, p. 101. — Editor. 
* See also the discussion of southwest lows in Ch. V, p. 128. — Bdltor. 
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region, with an area of high pressure of great magnitude in front on 
the Atlantic coast and another area in the rear in the Northwest, 
is often accompanied by heavy and protracted rains. These rains 
are most persistent and most prolonged when the northern end of 
the trough advances eastward while the southern end remains sta- 
tionary. Often the trough extends in a more easterly- westerly direc- 
tion, this condition producing heavy rains also. (Jan. &-7, 1913; 
Feb. 26-27, 1913; Mar. 24-27, 1913.) 

The weather in the rear of a fast-moving low in the Chicago dis- 
trict clears up rapidly, while in the rear of a slow-moving low unset- 
tled conditions are persistent, sometimes continuing for several days. 
A LOW moving northeasterly is generally followed quickly by clear- 
ing weather, while one moving easterly or southeasterly is often at- 
tended by extensive precipitation on its westerly side. 

When a crescent-shaped low of the autumn or winter type advances 
eastward over the Plains States, followed by a cold wave, the weather 
in the Chicago district in front of the crescent is generally clear, 
while in the rear or on the west and northwest sides snow falls. As 
the trough advances snow follows on the ^' break " or fall in tempera- 
ture with the shift of the wind, but this precipitation is invariably 
light While the weather in front of the trough in the Chicago 
district may be clear, rain may be falling farther to the southeast, in 
the Southern States, but this precipitation has really no ccnmection 
with the western low. (Mar. 20-22, 1898; Nov. 20-21, 1898; Nov. 
10-11, 1911.) 

Aside from other conditions, the lower the pressure within a cy- 
clonic system the slower it is in clearing; and if the pressure is abnor- 
mally low in the trough, extending southward from the storm center, 
the movement will be slow. (Apr. 3-5, 1910; Apr. 14-16, 1910; Dec* 
21-23, 1910; Apr. 17-18, 1914.) 

A rise in temperature is most pronounced on the eastern side of a 
LOW when the isobars run northeast and southwest, the amount of 
rise depending upon the gradient and the rate of translation of air 
from the south. As the temperature rises in front of a low or trough, 
the chances for precipitation decrease,^ because the capacity of the 
air for moisture increases with rising temperature, as before stated. 
Naturally, with such a type, strong pressure gradients and rising 
temperature, the wind velocities are high ; and where they are strong 
in the southeast quadrant and blow from south to southwest, if pre- 
cipitation does occur it is brief, and clearing conditions soon follow. 
(Mar. 25, 1914; Apr. 10, 1914.) 

In ccmnection with the types where rain falls before the tempera- 
ture has had a chance to rise, reference may be made to many maps, 

^ See also Ch. V, p. 189. — Editor. 
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especially in the late spring and early summer, when rain imme- 
diately follows a HIGH, or, in other words, occurs on its west or north- 
west side and far in advance of the low. This type is different from 
that referred to previously, where rain falls on the southwest side of 
a HIGH, and it often occurs in the Missouri and Mississippi valleys 
on the west or northwest side of a high, when the central depression 
is far distant in Alberta. Such rain is, in fact, a characteristic of 
the high rather than of the low and seldom extends as far eastward 
as the western Great Lakes, but gradually clears up, with rising tem- 
perature, as the highs advance. This type of rain can hardly be 
forecast, but the ensuing clearing conditions are better indicated. 
(May 16, 17, 18, 1911; June 27-30, 1911.) 

Movement of highs and attendant precipitation. — ^While the nor- 
mal direction of movement of highs is southeasterly, in winter and 
spring they often move from the Canadian Northwest only slightly 
south of east across the northern frontier, with their centers over 
the Lake Superior region. When a high is of great magnitude, the 
barometric level exceeding 30.75 inches, it very rarely moves from 
the Northwest across the northern Great Lakes, even though the 
pressure map may indicate such movement If the pressure is as 
much as 30.80 or 30.90 inches, although tiie center is considerably 
east of the northern Bockies, it will usually advance almost directly 
south, often first being reinforced from the west before taking a 
southerly course down the eastern slope of the Bockies across Kansas 
and Texas. As the high moves to the south it steadily loses its 
intensity, but there is no doubt as to its course. These highs usually 
accompany a sweeping cold wave that later extends to the southern 
borders of the South Atlantic and East Gulf States and are followed 
in turn in the Northwest by a marked rise in temperature. This 
type is so common that it is not necessary to refer here to any par- 
ticular maps, but additional references to it will be found in con^ 
nection with the discussion of " Cold Waves." 

In spring when a high appears in the Canadian Northwest simul^ 
taneously with the appearance of a low in the South or Southwest, 
the high generally overspreads the entire Great Lakes region as it 
moves eastward, but as the seascm advances into late May and June 
it is less and less likely to be felt over the southern portion of the 
Lake region, especially when a high overlies the Southern or South- 
eastern States. The 12-hour pressure-change map generally indi- 
cates the direction of movement of these highs, as in other types. 
A strong rise in pressure in the northwest and a fall over the Middle 
Western States, even thou^ slight, are certain indications of a high 
extending in its eastward movement over the southern limits of the 
Great Lakes and even beyond. 
2**— 16 ^20 
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In the spring months of April and May, with a high in the South- 
east or South and another over Manitoba and a i/)w in the West 
near the Rockies, with an unimportant trough between the two highs 
which extends to and across Lake Superior, as the Manitoba high 
moves eastward with its center as far north as Lake Superior, its 
influence will be felt over the Great Lakes, and it will cause winds 
to shift to the northeast, with a decided fall in temperature at Chi- 
cago and even some distance south of that point within 24 hours. 
Moreover, rain will occur from southern Lake Michigan and north- 
ern Illinois westward to the Rockies, especially if rain was preva- 
lent before on the southern side of the northwest high. These highs 
will often drift eastward and not linger over the Lakes as highs 
usually do in the spring. (May 21-22, 1910; Apr. 30-May 2, 1910; 
May 24-25, 1913.) 

Frequently in the spring highs with clear weather in their front 
move from Manitoba southeast over the Lake region, bringing a de- 
cided fall in temperature without rain, but the conditions are not so 
well marked as those referred to in the previous paragraph. In 
maps of this type rain may have fallen previously in some of the 
Central States, as the lower Ohio and middle Mississippi valleys, 
for instance, but this precipitation has no connection with the high 
and it generally ends as the high approaches. (May 15-16, 1898 ; 
Apr. 12, 1914.). 

In the spring a high moving over the Great Lakes will often 
develop greatly in magnitude, because of the relatively low tempera- 
ture of the air over the Lakes, the isobaric surfaces being depressed, 
as set forth on page 134. Sometimes these highs remain for days 
stationary over the Lake region and frequently their influence reaches 
beyond to the w4st and south, their development being shown by 
rising pressure over the northern Lake region at such stations as 
Duluth, Marquette, and Green Bay. In forecasting the weather under 
such conditions the official will find the key to the solution in rising 
pressure and clearing weather in the northern Lake region, rather 
than in the observations received from the Plains States farther west 
In connection with this type in forecasting for Chicago we look 
to the conditions at Green Bay, for instance, rather than to the 
reports from Davenport, Des Moines, and Omaha. (Apr. 7-9, 1900; 
Apr. 22-28, 1900; Mar. 20-23 1909; Apr. 22-26. 1911; Apr. 19-20, 
1913; May 2-4, 1912.) 

Sometimes highs in sprmg which originate in the British North- 
west, or advance from the north Pacific coast, will develop in in- 
tensity as they move southeastward across the Lake region and ccm- 
trol the weather conditions in the eastern half of the country for 
nearly a week. These highs, after reaching the Great Lakes, will 
often drift slowly southeastward across the Middle Atlantic States 
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into the semi-permanent high over the south Atlantic district Fre- 
quently rain will follow over the Middle West on the southwest side 
of the high, but if the latter takes a more southerly course after 
reaching the Great Lakes the rain area is not likely to advance east- 
ward. Such highs will completely break up a trough of low pres- 
sure advancing from the west (Apr. 19-20, 1913; May 7-12, 
1913; Jime 7-12, 1913.) These highs often remain stationary over 
the Great Lakes and keep the rain from advancing imtil there is 
evidence of falling pressure in the sections farther west. Until the 
barometer begins to fall west of the Great Lakes, no matter how 
much rain is falling in the West, fair weather may be generally ex- 
pected to continue in the Great Lakes region; moreover, in spring 
as a disturbance approaches from the West or Southwest, accom- 
panied by rain, the beginning of the rain is much delayed; in fact 
often delayed imtil the storm center approaches quite closely, or 
until the wind shifts to southerly as the storm moves northeast- 
ward. (May 6-6, 1900; Apr. 23-26, 1905; June 1-5, 1908; May 3-6, 
1910.) The reason for the persistent fair weather in the Lake region 
at this season is due to the influence of the high, because the winds 
blowing out of it over a water surface are warmed considerably as 
they reach and pass over the land, and with the rising temperature 
the air has a much greater capacity for moisture. Easterly winds, 
at least in the spring and summer, do not indicate precipitation in 
the Ghreat Lakes regicm, but instead, they often presage a protracted 
period of fair weather. 

If, when a low or a trough of low pressure is situated in the Rocky 
Mountain region, or adjoining sections, a well-marked high covers 
the Pacific coast, this high will not move eastward immediately 
if the baitHneter is falling on the north Pacific coast and the 
winds there are from the south, but another storm will appear in 
that section within 12 hours.^ In this case the movement of the 
trough will be retarded as in the type referred to in a preceding 
paragraph, unless an independent high breaks off from the Pacific 

HIGH. 

Bain seems to follow a high that has produced general frosts. 
This is especially noticeable when the temperature rises very slowly, 
as the high moves away, and if the trough of low pressure following 
extends southward. 

Precipitation in the northern Rocky Mountain region from both 
highs and lows. — ^When the center of the greatest 12-hour pressure 
rise is over the Canadian Northwest and the barometer is falling in 
Montana and Wyoming, it is certain that precipitation will ensue in 
the Rocky Moimtain region and often also on the northeastern 

^ See Chap. XII, pp. 387-838.— Editor. 
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slope. Frequently during such conditicms the 12-hour no-change 
line in pressure will pass along the northern frontier or close to it 
in a west-east direction. Any distribution of pressure that will 
cause northeast or even north winds as the high moves down will 
bring precipitation over these sections. The weather there will clear 
just as soon as the winds shift to the northwest (Feb. 25-26, 1907; 
Jan. 4, 1909; Feb. 14, 1910.) 

We refer in this connection especially to the Bocky Mountain slope 
and to conditions that are most prevalent in the winter, but these 
same conditions in a modified degree apply to the States farther east, 
and even during the warmer months of the year. This is especially 
evident when a hot wave has prevailed over the central valleys and 
an area of low temperature appears in the northwest that is pushing 
southeastward into a trough of low pressure extending from north- 
east to southwest, possibly from Minnesota' to the southern Bocky 
Mountain region or the northern part of Texas. Here the area of 
precipitation is entirely on the northwest side of the trough. These 
trou^^ often move slowly, especially when a high of great magnitude 
covers the south Atlantic districts. There is not likely to be any 
decided eastward movement of the trough until the high in the 
Northwest becomes at least as extensive as that over the South At- 
lantic. (Sept 20-23, 1895 ; May 25-27, 1911.) 

Precipitation should be predicted for western Montana, west of 
the Continental Divide, in the rainy season whenever there is pre- 
cipitation and falling pressure in the North Pacific Coast State& In 
winter precipitation usually extends beyond the Divide and is ap- 
parent at the Helena and Yellowstone stations, so that the weather 
at these two places during that season may be considered to be a 
semi-north Pacific coast type. 

Precipitation in the form of snow or sleet. — ^It is a matter of 
rather common observation, whatever the cause, that a light fall 
of snow will occur in winter under pressure conditions that in sum- 
mer are almost invariably associated with fair weather, thus west- 
em disturbances in winter, when the temperature is considerably 
below freezing, often have a general area of snowfall in their front, 
light in amount though it be; while in warmer weather with similar 
pressure conditions no rain will fall. In other words, snow falls 
imder such conditions when the barometer in the trough of the low 
may be considerably above normal. In estimating whether precipi- 
tation will or will not occur, it is necessary to determine how much 
the temperature is likely to rise as the depression advances, because 
if the temperature rises above freezing, precipitation may not be 
probable. During cold weather precipitation is likely to occur, 
therefore, with a rapidly moving depression, the movement being 
so rapid that sufficient time is not permitted for a considerable rise 
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in temperature so that it may reach 82^. If the temperature has an 
opportunity to rise a few degrees in order to increase the capacity 
of the air for moisture, in many of these instances, especially where 
the snowfall amounts to only 0.1 or 0.2 inch, no precipitation will 
occur. To a certain extent this applies to rainfall in the warmer 
months, as rain is more likely when the temperature does not have 
the opportunity to rise much. However, with a fast moving low, 
while precipitation in winter is more likely, it is nevertheless small 
in amount, but in summer, with a fast moving depression, precipi- 
tation is less likely and is also small in amoimt, except in the case of 
thunderstorms. 

With LOWS from the southwest during the months of November 
and December, rain is more likely to fall than snow in the Lake 
region, especially in southern portions, because the temperature of 
the water is still considerably above the freezing point, and as the 
winds blow from the water surface of the Great Lakes in a north- 
easterly direction during that period, it is very seldom that any 
considerable amount of snow falls. Snow in the southern Lake 
region in considerable quantities does not occur usually until the 
month of January is well advanced* 

The question whether rain or snow will fall at any particular point 
during the passage of a low in winter depends upon the position of 
the place relative to the center of the low. The sections north and 
northwest of the track usually have snow while those east and south- 
east have rain. For instance, the precipitation in the Chicago dis- 
trict attending winter lows which pass from the southwest north- 
eastward over the Ohio Valley usually is in the form of snow, while 
those which pass in the same direction over the extreme northern 
portions of Missouri and Illinois have precipitation mostly in the 
form of rain in those States, but snow in Iowa and Wisconsin. 

In winter, because of the greater activity in the atmosphere and 
the great differences in thermal gradient, and because snow falls 
more easily than rain, the area of precipitation is much greater 
than in summer, sometimes more than three-fourths of the entire 
country being included within the grasp of the storm. On this ac- 
coimt precipitation must be anticipated much further in advance of 
the LOW center during the colder months than in the warmer months. 

Southwest LOWS that cause rain or snow over Illinois, even in large 
quantities at Chicago, often do not extend into Wisconsin, especially 
when the center of the low in its movement northeastward passes 
no farther north than the Ohio Valley. (Jan. 2-3, 1904 ; Jan. 30-31, 
1914.) 

Sleet falling in advance of a southwest low is almost always a 
sure indication that the storm will move northeast rapidly, increas- 
ing in energy, and that the sleet and snow will turn to rain along 
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the track of the stonn and that the precipitation will be considerable. 
Sleet is more likely in the central valleys and western Lake region 
than in other portions of the Chicago district and is usually caused 
by LOWS from the Gulf region moving northward or northeastward. 
Northwest of the track heavy snow is probable. (Feb. 8-4, 1908; 
Jan. 11-12, 1905; Feb. 18-14, 1909.) For further remarks on sleet, 
see Prof. Frankenfield's paper. Chapter IX. 

When snow is falling in advance of a cold wave, it will ordinarily 
cease before the temperature has fallen to 10°, but in the North- 
western States snow often falls, although light, with zero tempera- 
ture and even lower. Heavy snow may occur at any temperature 
between 20"" and 82'', but is mostly likely between 24t° and 80"". 

In winter, niter the liOw center has passed eastward, on-shore winds 
in the Lake region will cause a continuation of snow for a consider- 
able distance into the interior when the wind is moderately strong; 
snow will fall along the lake shore to the eastward until the wind 
becomes light or shifts to some other direction. When snow is fore- 
cast for the western portion of the Lower Michigan Peninsula, under 
such conditions, it should also be forecast for northwestern Indiana, 
as a large and populous territory in that section has the same relative 
position with reference to Lake Michigan. If, however, the lake is 
nearly frozen over the effect of the water surface is not apparent on 
precipitation. For example, when Lake Superior has become almost 
entirely frozen, on-shore winds do not bring snow to the lake shore 
of upper Michigan or northern Wisconsin. 

When pressure is high and temperature low over the Canadian 
Rockies, and a well-marked low lies to the south, with a steep baro- 
metric gradient, the low will usually move southeast and east and 
the HIGH will advance southeastward with northerly gales, rapidly 
falling temperatures, and some snow, and conditions assuming the 
proportions of a " blizzard " will ensue over the eastern slope of the 
Rockies that are especially dangerous to exposed cattle. Warnings 
should be issued to ranchmen well in advance. (Jan. 28-30, 1909; 
Mar. 13-15, 1918.) 

Thunderstorms a/nd tornadoes. — ^There are various types of maps 
which are followed by severe thunderstorms and tornadoes in the 
Chicago district The low center in some cases may be over the 
Canadian Northwest, as that of May 25, 1896, when the Cook County, 
111., tornado occurred, while at other times the center may be 
farther east or southeast, over the Plains States, as in the case of the 
Omaha tornado, March 23, 1913. The center may often be farther 
east over the central valleys, as in the case of the Louisville tornado, 
March 27, 1890, and the St. Louis tornado, May 27, 1896. 



Digitized by 



Google 



WEA.THEB FOEECASTING IN THE UNITED STATES. 811 

During thunderstorm conditions rain does not usually fall at one 
station in two successive periods, imless it happens to be raining at 
observation time. Thunderstorms are most frequent in the after- 
noon, but they often occur during successive nights, the intervening 
days being characterized by fair weather. 

The " break " of a prolonged and general heat wave is always at- 
tended by copious rains and thunderstorms; so that when a break is 
impending, although conditions on the map to the west seem doubt- 
full, rain should be forecast. 

When there is doubt as to the advance eastward of precipitation, 
in connection with a ix)w in the west, ]the occurrence of thunder- 
storms, even though dry, is important, being an infallible sign of 
activity. A thunderstorm is a strong indication of unsettled condi- 
tions, whereas a sprinkle of rain without thunder or lightning may 
mean nothing whatever. Thunderstorm areas usually advance rap- 
idly eastward, and often from a small beginning spiread out and 
cover an extensive r^on. The thimderstorm signs should be 
watched closely, and rain forecast well in advance. A study of the 
weather maps, especially those of the thimderstorm season of 1915, 
will show the great value of these signs. 

For further remarks on thunderstorms, see Chapter IX. 

TEMPERATUBE. 

In the preceding paragraphs we have discussed various types of 
weather maps with special reference to the occurrence of precipita- 
tion; we will now consider the subject of temperature. The fore- 
casting of temperature in the Chicago district is equally difficult 
because of the varied conditions of topography within this great 
area (see Frontispiece). However, in this district the response to 
pressure changes is much more direct in the case of temperature than 
of weather. Of course, in forecasting the endeavor is first, to esti- 
mate the probable distribution of pressure 24 and 36 hours later. 
Now, if these estimates are correct and we have been able to exactly 
determine the positions of the highs and lows at the following ob- 
servations, the predictions of temperature are certain to be practically 
correct If the conditions are well marked, we can usually name the 
States and even the portions of the States through which the no- 
change line (the line separating the colder from the warmer weather) 
will run 36 hours later. Yet at the same time the weather forecast, 
i. e., the forecast as to whether precipitation will or will not occur, 
may fail entirely in one or several States, simply because the distribu- 
tion of precipitation as regards the center of the low varies greatly, 
and the extent of the pirecipitation accompanying lows in the Chi- 
cago district even over the same routes ranges from practically noth- 
ing to a wide area. 
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The mountains affect temperature as well as weather changes. 
The Bockies afford a natural barrier to the passage of cold waves 
from Alberta, and but a few cross to the western sdde. Often chinook 
winds develop on the eastern slope even when severe cold lies only 
a short distance to the east 

The water of the Great Lakes tempers the cold of winter and the 
heat of summer and exerts throughout the greater portion of the 
year a modifying effect upon the temperature conditicms. The influ- 
ence is least pronounced late in summer or autumn when the mean 
temperature of the air and that of the water are nearly the same. 

Changes in temperature are far more numerous in the northern 
tier of States, the frequency gradually diminishing toward the south. 
Especially in the Northwestern States of the Chicago district east 
of the Bockies is the temperature changeable, and this is because of 
the proximity of that area to tracks of lows passing eastward over 
the northern circuit. On this account close attention must be paid 
by the forecaster to conditions on the weather map that may portend 
temperature changes for the Northwestern State& In the southern 
portion of the Chicago district, embracing Kansas, Missouri, and 
southern Illinois, the^ situation is entirely different, the changes in 
temperature there being relatively infrequent. It is only when con- 
ditions are pronounced that it is advisable to forecast changes in 
temperature for the southern portion, especially for southern Illinois. 

In the following paragraphs types will be discussed illustrating 
the special features of temperature changes much the same as was 
done in the preceding paragraphs bearing upon weather and pre- 
cipitation. 

With the approach of a high, lower temperatures may ordinarily 
be safely forecast for the first period for all sections east and south 
of the greatest 12-hour rise in pressure, and higher temperatures for 
the sections north and west of the pressure rise, but in forecasting 
for the second period the rate of progress of conditions must be very 
carefully estimated. If the highs are moving rapidly and the 
changes in pressure are quite pronounced, a rise in temperature may 
often be expected for the second period for sections for which lower 
temperature is forecast for the first period. 

The 12-hour pressure-change map is most important in forecasting 
temperature changes, whether for rises or falls, and frequently the 
12-hour no-change line on the pressure map will coincide witi the 
24-hour no-change line on the temperature map. 

It is also important to consider the departures of the temperature 
from normal, whether above or below, at the various stations for 
which forecasts are to be made. If the readings are much below 
the normal and the pressure change map is favorable for a rise, .the 
changes to higher temperature will be all the more pronounced. Just 
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SO when the readings are above normal and the pressure-change map 
is favorable for a fall, so the changes to lower temperature will be 
pronounced. 

When the temperatures are considerably above the normal, even 
though the pressure map indicates a still further rise, a forecast of 
warmer weather should be made with caution; and, on the other hand, 
when the temperature is much below the normal and the pressure- 
change map indicates a still further fall, a forecast of lower tem- 
peratures should be made with caution.^ In these cases forecasts of 
stationary temperature are ordinarily more certain of verification. 
When, moreover, a depression in the Northwest is exceptionally deep 
and produces strong southerly winds, the rise in temperature is de- 
cidedly marked; and often in the winter in the Chicago district, 
after the temperature has already reached the normal, there is a still 
further rise of 20° or 80°, especially if the weather is huimd and 
cloudy. 

It should also be realized that with the advance of the seasons 
from winter to spring and summer there are more rises than falls, 
while with the approach of autumn and winter the reverse is the case. 

In forecasting temperature changes it is important to take into 
consideration the character of the weather. Thus, the temperature 
will be relatively lower on a clear night than on a cloudy night and 
relatively higher on a clear day than on a cloudy day. See remarks 
on cold waves, Chapter VI. 

Marked falls in temperature reaching the proportions of a cold 
wave are generally confined to the sections well to the eastward and 
southeastward of the center of the high, and still farther eastward 
and southeastward of the greatest 12-hour rise in pressure. The only 
exception to this rule is the type to be mentioned under the discussion 
of cold waves when cloudy weather prevails in a high, and it later 
clears, permitting considerable falls in temperature during the en- 
suing clear night because of free radiation. This is especially marked 
when the ground is snow covered and the pressure high. 

A HIGH moving southeast from the far Northwest is certain to 
bring cold weather over the Chicago district east of the Rockies, 
while a high moving eastward over the middle Rocky Mountain 
region from the Pacific coast ordinarily does not bring to the district 
any temperature changes of importance, unless it follows a deep 
depression. Then the fall in temperature is probable for the first 
period only. In winter a high is often centered on the western 
Plateau for days at a time, merely spurs of little importance breaking 
off and following i/)W8 to the eastward. Occasionally this high is 
reinforced from the north, as shown by the 12-hour rise in pressure 
over the Canadian Rockies, and then the complete high advances 
eastward following a depression in its front. 



^ See remarks on reinforced highs, pp. 130, 131. — ^Editor. 
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When a high moves eastward over the northern frontier and the 
Great Lakes region, the change to colder is not usually felt over ike 
Plains States, except in the north portion. This type is noted re- 
peatedly in winter, spring, and early sununer. 

Highs from the Pacific seldom move across into the Chicago 
district during the summer season, as they are dissipated by the 
heat of the interior before they can reach the Bockies. In some 
cases, however, they are of sufficient magnitude to make the journey, 
and when the barometer reaches about 29.90 inches at the Bocky 
Mountain stations, such as Helena and Denver, the high will advance 
eastward over the North Central States. The highs of summer 
which ajffect the Chicago district usually advance from the Canadian 
Northwest in a southeasterly direction, and during a heated period 
they will cause a ^^ break " in a hot wave in the western Liake region 
and upper Mississippi Valley; while heat in the South and West 
will remain unbroken. 

Examples of hiohs coining across : July 4, 1913 ; July 7, 1913 ; July 16-18, 
1913; Aug. 4-^, 1914. 

Examples of hiqhs which did not come across: July 7-^, 1911; June 20, 
1918; July 14, 1913; July 10-11, 1913. 

In the spring and early summer, during the prevalence of warm 
weather, cooler may be forecast for the Great Lakes when the dis- 
tribution of pressure is such as to indicate a ^^flat" map which 
promises lake winds over that section. Decided falls in tempera- 
ture occur repeatedly at Lake stations under such conditions and 
often protracted periods of cool weather prevail in the spring over 
the Lake region because of the influence of the waters of the Lakes, 
when otherwise a forecaster might anticipate rising t^nperature. 
During such conditions fair weather is persistent. 

When the wind blows from the Lakes, free of ice, the temperature 
of the air will be about that of the lake water, especially if the wind 
is strong. While a lake wind prevails the temperature will seldom 
be below freezing at any particular point, unless in a section where 
the ice extends far from shore, the more extensive the field of ice the 
less is the lake eiBfect upon temperature. During a period when it is 
expected that the wind direction will continue from the lake a fore- 
cast of stationary temperature should be made for the adjacent sec* 
tions. However, in autumn the influence of the Lakes on temperature 
is slight. 

Frequently in spring and summer at Lake stations, because of an 
on-shore wind, the temperature is much lower than in the interior, 
but when the wind shifts along the lake shore and becomes a land 
wind, a decided rise in temperature occurs. This change may be 
forecast with the assistance of the pressure-change chart. If the 
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barometer is falling to the north and northwest of the Lakes, the 
winds are quite sure to shift to the south. 

When a cold high is passing eastward in the winter over the 
central valleys, but at the same time the cold remains intense over 
the Northwest, including the Canadian Bockies, with unsettled 
weather to the south ; and the isobars running northwestward over 
the Dakotas and eastern Montana, northeast winds and very low 
temperatures in the northwestern portion of the Chicago district, the 
temperature will not rise in the Northwest but the weather will con- 
tinue cold, even though the pressure in the Canadian Northwest is 
falling somewhat. (Mar. 12-18, 1906; Mar. 14-15, 1906.) 

If the center of the greatest 12-hour fall in pressure lies to the 
south it should be apparent that the pressure is rising, or soon will 
be, to the north or northwest, even though this is not shown by 
the pressure-change maps or by the 2-hour pressure changes. A 
change to colder weather should usually be forecast when this con- 
dition obtain& 

When changes in pressure are slight and the temperatures are 
nearly normal, stationary temperature should be forecast. 

In a previous paragraph reference has been made to the eiffect of a 
snow-covered surface on temperature. The covering serves to make 
both day and night temperatures relatively low under aU conditions. 
When snow covers the ground, because of rapid radiation, minimum 
temperatures reach a lower degree than when the ground is bare, 
and in estimating the probable night minimum temperature this 
point must always be censidered. Moreover, in the daytime, with 
the snow-covered surface the maximum temperature is very slow 
to rise above the freezing point. Doubtless the heat lost in the 
evaporation from the snow covering is a factor in keeping the tem- 
perature down. 

When cold is brought in with a strong northwest wind and strong 
barometric gradient so that low temperature is likely to be reached 
at the beginning of the first period, a forecast of lower temperature 
for the second period should be made with caution. For the second 
])eriod a forecast of stationary temperature should usually be made, 
but in cases where the conditions are moving rapidly, rising tempera- 
ture should be forecast. Just so, when strong southerly winds and 
rising temperature prevail on the day in which the forecast is made, 
while one of rising temperature is ordinarily safe for the first period, 
it should be made with caution for the second period. In these cases 
the departures from normal temperatures must be given weight, as 
advised in a preceding paragraph. 

Marked rises in temperature occur on the eastern slope of the 
Rocky Mountains, assuming the proportions of a " chinook " when, 
following a cold wave, a high settles southward over the Plateau 
region and a low appears with its center on the eastern slope of the 
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Canadian Bockies. df the pressure well to the south is falling and 
the trough deepening over eastern Wyoming and Colorado, the 
chinook wind will be felt to the southeastern limits of Colorado. 
Chinook conditions often prevail on the eastern slope when a cold 
HIGH covers the States lying directly to the east. (Feb., 1888; Jan. 
18-21, 1897; Feb., 1906; Jan. 2-3, 1911; Jan. 12-18, 1912; Jan. 21-22, 
1914.) 

If during a heat wave a low is at some point north or northwest 
of Kansas, ^^ hot winds" are probable in that State when at the same 
time a well-marked high lies to the south or southeast, as then the 
gradient over Kansas is sufficiently strong to produce increasing 
southerly winds which cause serious damage to growing crops. This 
type is more or less common. (Sept. 12, 1882; June 28, 1901; July 
14, 1913.) 

Sometimes hot winds are general over a considerable area, em- 
bracing two or more States, while occasionally they are found in 
strips, doubtless due to the imequal heating of the air by soils of 
different character. 

Ordinarily it is quite easy to forecast temperature changes for the 
first period, but forecasting for the second period is, of course, much 
more difficult on account of its being necessary to estimate what the 
temperature will be both at the beginning of the first period and at 
the end of the second. There are times, moreover, when it is diffi- 
cult to estimate the temperature change 24 hours in advance, es- 
pecially when a marked fall is approaching, following a rise in tem- 
perature. In such a case the reading at any particular hour will 
depend upon how close to that hour the cold wave will break. A 
great range in temperature at any given time is, of course, possible, 
depending upon whether the " break " will occur before or after the 
hour specified. 

The barometer change map, especially the 12-hour change, is the 
best help for a forecaster in forecasting temperatmre changes, and 
this map should be used in addition to the ^^A^'-chart Even when a 
high with low temperature is located over the Dakotas with a mod- 
erately steep gradient in its front, a forecaster should not hesitate 
when the barometer change map shows a marked fall in pressure in 
the northwest to forecast rising temperature for the Northwestern 
States and the eastern slope of the Bockies for the first period, and 
generally for the trans-upper Mississippi Valley for the second 
period. One is really safe in forecasting a rise in temperature for 
the first period for the sections north and west of the center of the 
12-hour rise, as stated before. This should be generally an infal- 
lible rule of the forecaster. The condition is most pronounced in 
the recovery from a cold wave, especially when a well-marked high 
is moving southeast. (Dec. 11-12, 1912; Apr. 8-9, 1914.) 
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CHAPTER XII. 

FORECASTING WEATHER AND TEMPERATURE. 
NEW ORLEANS DISTRICT. 

By L M. Clini, District Forecaster. 

DENVER DISTRICT. 

By F. £L Bbandenbxtbo, District Forecaster. 

PORTLAND (OREG.) DISTRICT. 

By E. A« Seals, District Forecaster. 

SAN FRANaSCO DISTRICT. 

By O. H. WiLLSON, District Forecaster. 



NEW ORLEANS DISTRICT. 

[Embracing the States of ArkaiiBas, Oklahoma, Texas, and Louisiana.] 
By Isaac M. Cline, District Forecaster. 

Arkansas. — The most important matter for the forecaster to de- 
termine both in forecasting weather and temperature for Arkansas 
is the path which the center of the cyclonic disturbance will follow. 
When the center of the cyclonic area moves southeastward into 
Texas, then curves and moves toward the northeast, the duration 
of precipitation is longer and the temperature changes are less and 
extend over a longer period than when the center of the cyclonic 
area moves eastward to the north of Arkansas. Precipitation may 
be expected more frequently in the eastern than in the western por- 
tion of the State, except from March to July, inclusive, when the 
rainy days in the different geographical divisions of the State are 
nearly equal in number. Precipitation often occurs in two successive 
12-hour periods and occasionally in three during the winter months, 
but during the summer months precipitation is not so likely to occur 
in two successive 12-hour periods. When the low-pressure system, 
either in the form of a trough or a well-defined cyclone, is over 
the eastern Bocky Mountain region, precipitation generally occurs 

317 



Digitized by 



Qoo^z 



818 WEATHEE F0BECA8TING IN THE UNITED STATES. 

in the 'winter within the next 86 bonis, except in the case of what 
may be called " dry uywsJ" 

Temperature changes occur with greater unif ormi(y in connection 
with similar pressure distribution than is the case with precipitati<XL 
Temperature changes are slightly more frequent in the western than 
in the eastern portion of the State, being most frequent over the north- 
western portion. Many of the temperature changes at the p. m. ob- 
servation during the summer months result from local thunder- 
storms and vary greatly in different years. 

Oklahomcu — ^Precipitaticm occiirs most frequently with liOws which 
move southeastward over the Bocky Mountain region into Texas 
and thence to the northeastward. These lows, especially in winter, 
often give precipitation in two consecutive 12-hour periods and oc- 
casionally in three, the duration of the precipitation depending on 
the direction in which the i/>w moves. During the summer months 
precipitation occurs when conditions are not so well-defined and it 
is a difficult matter to specifically state the 12-hour period in which 
precipitation will occur. There is considerable variability in the 
number of rain days in different years and forecasts for precipitation 
should be issued when conditions are moderately well-defined during 
wet periods and when dry periods prevail it should be forecast only 
when precipitation conditions are well-defined. Precipitation occurs 
more frequently in the extreme eastern and western porticMis of the 
State than in tbe central portion. 

During the winter months colder must frequently be forecast for 
the second period in Oklahoma when the current a. m* map shows 
a i/>w over the northern Bocky Mountain region even though a high 
has not yet appeared within the range of reports. This condition 
generally gives abnormally high p. m. temperatures in Oklahoma 
on the current day and a ^arp fall usually occurs during the after- 
noon of the succeeding day. The frequency of p. m. temperature 
changes in the summer months results from thimderstorm condi- 
tions. When conditions on the a. m. map indicate abnormally hi^ 
temperatures during the p. m. of the current day lower tempera- 
tures should be forecast for the p. m. of the following day, and when 
abnormally low temperature is indicated for the p. m. of the cur- 
rent day warmer should be forecast for the p. m. of the following 
day. 

We8t Texas. — ^No uniform precipitation lypes extend over this sub^ 
division. The precipitation in west Texas is of two different types; 
the eastern half receives precipitation as a rule from the same condi- 
tions that give rain in the other portions of the west Gulf district^- 
that is, from storms that develop on land and move eastward over or 
near the district. The rains in the western portion of this subdivi- 
sion from July to October are probably caused by the liows moving 
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eastward over the valley of the lower Colorado Eiver, combined with 
a HIGH to the northward or northeastward, but not so far east as the 
Mississippi Biver. 

Temperature changes exceeding the stationary limit do not occur 
with uniformity over this subdivision, and this makes the forecasting 
of temperature changes difficult, especially during the winter, when 
different forecasts for temperature may be required for three or 
four different parts of the subdivision for a 12-hour period. 

East Texas. — ^Three-fourths of the precipitation which occurs in 
eastern Texas results from disturbances which have their origin on 
land, and the remaining fourth results mostly during the summer 
season from disturbances which have their origin in the Tropics or 
in the western portion of the Gulf of Mexico. It is well for the fore- 
caster to bear in mind that the number of rainy days in the north- 
eastern and southeastern portions of east Texas in the winter months 
is about the same, but in August and September a period of greatest 
frequency occurs in the southeast portion coincident with a period of 
least frequency over the northeastern portion. This summer period 
of frequency of rainy days shows at Gralveston in August and Sep- 
tember, and at Corpus Christi and Brownsville in September, and 
results from tropical and Gulf storms. During the summer, precipi- 
tation occurs in one locality in one period and in a neighboring 
locality in the following 12-hour period, therefore the exact placing 
of the rainfall in the forecast is difficult 

Temperature changes exceeding the stationary limit in east Texas 
are most frequent over the northwestern portion and are least fre- 
quent along the Gulf coast. A very noticeable fact brought out in 
this study is that the frequency of temperature changes in the after- 
noon during the summer months decreases as the Gulf coast is ap- 
proached until on the Gulf coast they seldom occur. This is probably 
due to the fact that continuous southerly winds, in the nature of a 
monsoon, blowing from the Gulf of Mexico prevail during the sum- 
mer months on the Texas coast and extend northward over Texas 
and Oklahoma with diminishing intensity ; this condition apparently 
has such a control over temperature conditions during the summer 
months that on the Gulf coast, where it is most pronounced, it com- 
pletely overcomes the influence of thunderstorm conditions in causing 
p. m* temperature changes and the effect of tiiis monsocm wind 
graduaUy weakens as it goes northward imtil it completely disap- 
pears over the northwestern portion of the State. Forecasts for 
temperature changes in tiie a. m. should be issued for Texas during 
the summer only when conditions are pronounced and such changes 
are not frequent near the coast. 

Lcvitiana. — ^The precipitation in Louisiana results both from dis- 
turbances which have their origin on land and those which have 
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their origin in the Tropics and the Gulf of Mexico. During the 
fall, winter, and spring months the precipitation occurs mostly with 
LOWS which have their origin on land and move from west to east 
either across or to the north of Louisiana, and precipitation occurs 
with a considerable uniformity in the different geographical sub- 
divisions of the State. From June to August, inclusive, precipita- 
tion over the northern portion of the State results from lows which 
have their origin on land and also from storms which move inland 
from the Gulf of Mexico, and it may be expected to occur not quite 
so often as once in three days. Over the southern portion of the 
State the precipitation in summer is more frequent and may be ex- 
pected on an average once in two days during June, July, and 
August; the precipitation during these months is to a great extent 
convectional and occurs when a high is centered off the south At* 
lantic coast with gradually diminishing intensity westward. These 
conditions give showers during the day, but precipitation is seldom 
recorded at the a. m. observation during June, July, and August 
unless a disturbance is moving inland from the Gulf of Mexico 
and similar conditions, though less marked, extend into September. 
The frequency of precipitation in southern Louisiana during the 
summer months depends on the intensity and duration of the high 
off the south Atlantic coast Precipitation is not quite so frequent 
in summer over southwestern Louisiana as it is over southeastern 
Louisiana. 

DENVER DISTRICT. 

[ComprlBinff the States of ColoradOi New Mexico, Arlsona, and Utah.] 
By F. H. BaANDENBTTBO, District Forecaster. 

In dealing especially with the movement of pressure areas in the 
Denver forecast district, in addition to the usual problems, the fore- 
caster has to take into account the effect of the Continental Divide, 
its spurs, and numerous detached ranges. Topography, therefore, 
adds factors that at times make the problem very complex even to 
one thoroughly familiar with the region. Furthermore, on the south 
the district borders on a region not covered by reports, while the 
western part at times is affected within the second period by condi- 
tions prevailing over the Pacific, of which at the time nothing more 
than a surmise can be had. Further, the district and adjoining ter- 
ritory on the west are the breeding grounds of a large proportion 
of the important storms that reach the Atlantic. These storms cross 
the central part of the country or skirt the Gulf of Mexico before 
moving northeastward. First in order of frequency are the northern 
LOWS that cross the Continental Divide far to the north. Other lows 
originating in the extreme northwest develop loops far southward, 
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and when this is the case they generally divide, the primary lows 
crossing the Continental Divide in the north, where it is low, and 
move eastward at a normal rate, while the portions in the south gen- 
erally develop into secondaries which ultimately become stronger and 
more important than the urns from which they are offshoots. The 
third in order of frequency, but an important class of lows, are those 
which move northward from the Gulf of California to northern Ari- 
zona and thence eastward through New Mexico or southern Colorado. 
These lows are most common during spring and the latter part of 
winter and are attended by heavy and general precipitaticm and very 
low temperatures on the eastern slope. Sometimes they succeed in 
crossing the Continental Divide. It is true that loops along the front 
of the depression often reach the eastern slope of the mountains, and 
this fact is responsible for the southward movement of high pressure 
along such slope. This is to be expected, even though at the time 
the LOW is making progress toward the eastern slope and no high 
in a strict sense is apparent in the north. From the fact that the 
front of the low is on the eastern slope the quick development of a 
HIGH with attending zero weather, if in winter, may be expected in 
Alberta and Montana. The progress of tiie high southward is very 
rapid, bringing a cold wave to the entire eastern slope of the Bocky 
Moimtains and forming a ridge of high pressure that seems to be 
anchored for days imtil the low pressure on the western slope is filled 
up or forced southward into Mexico. 

The weather maps of January 31, 1905, February 1-3, 1905, show 
the persistency of anticyclonic conditions on the northeastern slope 
while low pressure prevails on the west side of the Continental 
Divide.* 

There is still another class of lows which form on the middle East- 
ern slope, probably as a result of chinook conditions, and may be 
classed as secondary depressions or offshoots from a northern low. 
They do not exist long and are unimportant (See weather maps of 
Jan. 14, 18, 1914; Feb. 2, 10, 1914.) 

The elevated moimtain masses also affect the rate of movement of 
highs, but this influence is relatively small with most types. For 
that part of the district west of the Continental Divide the most 
important highs are those which first appear on the Pacific coast. 
There are three types — ^the south Pacific, middle Pacific, and north 
Pacific. The first named are not ordinary highs in a strict sense of 
the word, but are rather what is left of a high-pressure area whose 
northern part has been dissipated under the influence of a northern 
low, generally a V-shaped depression, extending southward to north- 
em Arizona. In general, these highs, if they move at all, move 

1 See alto Cbap. V, p. 120, and Chap. XI. p. 297.'Edltor. 
33692*'— 16 ^21 
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northward to middle California and thence eastward to the middle 
plateau and the northern part of the southern plateau. Occasionally 
the HIGH, which is of no great magnitude and whose crest is not 
above 30.10 inches, moves eastward over Arizona. (See maps of Mar. 
26 and 27, 1910; Jan. 10 and 11, 1913; and May 2 and 3, 1915.) 
Oftener only the front of the high moves inland, the pressure not 
rising above 29.90, yet the effect is fully as pronounced as occurs 
with northern anticyclones. The front of these southwestern highs, 
following in the wake of deep lows in the southern plateau and the 
eastern part of the middle plateau, give to the western slope high 
winds and sharp falls in temperature. In the colder half of the 
year zero temperatures usually attend the increased pressure in the 
northern portion of Arizona, extreme southern Utah, southwestern 
Colorado, and northwestern New Mexico.* Highs advancing from 
the Pacific, north of southern California, have successive mountain 
ranges to cross, and their progress is therefore relatively slow. The 
attending wind force and fall in temperature along their front are 
not nearly so marked as in the case of the southwestern highs. 

North Pacific highs of summer, because of the heat of the interior, 
rarely advance inland unless their intensity and magnitude are con- 
siderable. A pressure of at least 30.30 inches seems to be necessary 
in order to insure the maintenance of the high. In winter the in- 
terior of the country is colder than the ocean, and with the advance 
of the HIGHS inland there is an increase in intensity. Such highs 
advance from British Columbia and cross the Continental Divide 
near the international boundary, where the barrier is low, move very 
rapidly, and are associated with very low temperatures in their south- 
eastward movement, their usual track. For the most part this effect 
is confined to the eastern slope. 

An important type of highs ^ is that which usually begins to form 
in the middle plateau, or Great Basin, in the middle of autumn. In 
the beginning they are short lived. In December they are a marked 
feature of the weather map often for days at a time. Beginning 
with a moderate pressure there is built up an area of extensive high 
pressure, the crest often reaching 30.9 inches. These highs differ 
from the ordinary type in that they follow up southern depressions 
only when reinforced by pressure fully as great over the north 
Pacific coast region. The persistency of these highs in the Great 
Basin is probably primarily due to the high surrounding mountains 
combined with cloudless nights, which favor radiation from the snow 
covering on the mountain sides. These highs usually remain until 
radiation at high levels is checked by cloudiness resulting from low 

1 See maps. Jan. 2S-29, 1903 ; Feb. 5-6, 1904 ; Har. 11-12, 1904 ; Mar. 23-24, 1904 ; 
Mar. 6-6, 1908; Feb. 12-18, 1911; Oct. 27-28, 1912. 
' See Great Basin highs, Cbap. V, p. 132.— Editor. 
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pressure approaching from the Pacific Northwest. While cold 
weather is the accompaniment of Great Basin highs on the west 
side of the Continental Divide, mild weather is the attending feature 
on the middle eastern slope. If there is no low on the eastern slope 
one soon forms, and as it deepens the wind force increases and there 
is developed a foehn or chinook. 

The weather map of January 3, 1906, shows the conditions preced- 
ing a chinook on the middle eastern slope ; the map of the follow- 
ing day, January 4, shows the area affected by chinook warming to 
have been confined to extreme southeastern Wyoming and the plains 
of eastern Colorado to the Kansas line. 

Highs that first appear north of Montana in the colder half of the 
year move rapidly southeastward if the pressure on the middle east- 
em or southeastern slope is low. The tendency to skirt the eastern 
edge of the mountains is slight when high pressure or even relatively 
high pressure overlies western Colorado or the adjacent regions. In 
the warmer half of the year Alberta highs and those from the Pacific 
Northwest usually move eastward along the northern track, and when 
these highs reach the Dakotas that position is f avcH'able to the causa- 
tion of thunderstorms over the middle eastern slope of the Rocky 
Mountains. During the latter half of summer, when the high is over 
Nebraska and Kansas, thimderstorms may be expected on the south- 
eastern Rocky Mountain slope. 

The foregoing may be considered as a statement of conditions 
which actually occur, and the weather resulting therefrom, all based 
upon past observation, and occurring with such frequency and regu- 
larity as to justify the deduction therefrom as a basis for forecasting, 
of the following rules: 

Northern lows. — ^Temperatures rise in the southeast quadrant with 
the advance of the low. Precipitation occurs west of the Continental 
Divide in front and rear of depression. On eastern slope li^t pre- 
cipitation occurs in northern part of district with turn of pressure, 
and, in summer, dry thimderstorms. 

Secondaries may generally be expected to form in the southern 
part of barometric troughs in the Middle and Northern Plateau 
regions and become the principal storm. A spreading of the isobars 
usually indicates this development. 

Lows from the Middle Plateau cross the Continental Divide usually 
in Wyoming. The time required to reach the eastern slope is much 
greater than in the case of northern lows ; it may be several days or 
less than a day. Rapid movement may be expected when there is 
strong pressure moving inland from the Pacific. 

Lows in Arizona, — In the warmer half of the year these lows are 
northward extensions of southern lows; are ill-defined and may be 
expected to remain practically stationary. In the colder half of the 
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year they are better defined, and, when not blocked, move eastward. 
During the period when the low is still in the southwest, the occur- 
rence of easterly winds, increasing cloudiness in the west Gulf dis- 
trict and the beginning of precipitation therein, indicate the low is 
moving and will be deflected through Mexico. 

The looping of lows soiUhward. — ^During winter and spring, more 
often during the latter period, when the eastward movement of lows 
from the northwest is blocked by highs over the upper Missouri 
Valley, the looping of lows southward along the eastern slope of the 
Continental Divide may be expected. 

SoiUhwestem highs in winter move rapidly toward the middle 
plateau and cause abnormally low temperature. 

Middle Pacific highs following in the wake of winter lows move 
less rapidly than southwestern highs and do not bring as low tem- 
peratures. 

North Pacific highs in summer, below 30.30 inches moving inland^ 
not being able to withstand the heat of the interior may be expected 
to soon dissipate. In winter highs frcnn this region may be ex- 
pected to increase in intensity and usually in magnitude on reaching 
the Eocky Moimtain region. The greater cold developed is largely 
from radiation rather than the cold of translation. 

Highs from Alberta may be expected to move rapidly alcmg the 
eastern slope of the Eocky Mountains if there is a low in the south 
or even if only the front of a southwestern low is on the eastern 
slope. When, however, a low is forming in British Columbia or 
southward, the prospect that an Alberta high will move southward 
along the eastern edge of the moimtains is very remote. 

Middle Plateau highs may be expected to begin to form in No- 
vember and to exert an important influence during December, Jan- 
uary, and the first half of February. These areas are responsible 
for the chinook conditions that occur on the eastern slope when 
the track of lows is from Montana southeastward. 

Highs in the Dakotas and upper Mississippi Valley in summer are 
attended by thimderstorms on the middle eastern slope.^ 

COLORADO. 

Weather. — Few lows bring precipitation to the entire State. This 
is largely due to the fact that the trend of the high mountain ranges 
is north and south. Eain winds on the eastern slope are from the 
north and from easterly quadrants, and principally from westerly 
quadrants on the western slope. A stormy condition on one side of 
a mountain range is therefore more often than not an ideal fair 
weather condition for the opposite side. Nine times in ten the pre- 
cipitation on the eastern slope occurs with rising pressure, the excep- 

* See also p. 115. — Editor. 
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tion being in connection with southwestern lows. In the eastern 
half of the State precipitation is to be expected with a liOW south 
or southwest, and thunderstorms with low and falling pressure west 
of the Continental Divide and high pressure northeast or east On 
the western slope in winter precipitation may occur in front or in 
rear of a ijow, while in summer thimderstorms may be expected in or 
near barometric troughs. 

Temferatwre. — ^The effect of the mountain ranges is fully as 
marked in connection with temperature as with precipitation. The 
temperature of west winds, independent of the mountain and valley 
winds, is materially modified by the topography. West of the Con- 
tinental Divide winds from westerly quadrants usually bring cold 
weather, especially when they are high. Easterly winds are rarely 
strong and are usually attended by rising temperature — a mild f oehn 
effect west of the divide when tiie pressure is high on the eastern 
slope. 

On the eastern slope temperatures rise with a west wind. The 
ideal foehn or chinook condition is a high pressure area in western 
Colorado and Utah and low pressure in Montana or eastern Wyo- 
ming. The attending westerly winds are usually strong. 

UTAH. 

Weather. — ^The weather conditions of northern Utah partake of 
the Pacific type during practically the entire year, while in southern 
Utah they are of the Arizona type, especially during July and Au- 
gust Precipitation occurs in the easterly quadrants of lows as well 
as ia the front of highs. Barometric troughs moving broadside on 
are usually attended by thunderstorms during July, August, and 
September. Clear weather attends the winter high in the Great 
Basin, but precipitation is likely to set in over northern Utah with 
the breaking up of the high under the influence of a northwestern 

LOW. 

Temperature. — ^Temperature changes are less frequent in the 
plateau region than east of the Continental Divide. Sharp falls 
attend the passage of low centers, especially when the course of the 
LOW is southeastward. Temperatures generally rise in the southeast 
quadrant of north Pacific lows, and in the southern part of the 
State a rise of temperature often indicates hours in advance of its 
appearance tbe development of a low in the Southwest 

' ARIZONA. 

Weather. — ^The probability of the occurrence of precipitation is 
about twice as great in the northern part of the State as in the south- 
central and southeastern parts. Precipitation is relatively infrequent 



Digitized by 



Qoo^z 



826 WEATHEB FOBEGASTING IN THE UNITED STATES. 

in the southwestern part of the State. The average date for the rainy 
season to set in is about July 7, and it generally ends before Septem- 
ber 15. The rest of the year is generally dry, the precipitation, if 
any, usually occurring in February and March. Only a small pro- 
portion of LOWS is attended by precipitation. When the rainy season 
is fully established rain may fall without a well-defined pressure dis- 
tribution, but with winds from an easterly quarter. During the rest 
of the year precipitation may occur with the advance from lower 
California of a low or with the development of a secondary depres- 
sion in the southern quadrant of barometric troughs. The weather 
clears with the eastward movement of a low. The movement is fre- 
quently hindered by high pressure on the eastern slope of the Con- 
tinental Divide. In cases where an advancing high from the west 
does not bring a steep gradient near its front, there will be a ten- 
dency of the isobars to spread. In this event the clearing-up condi- 
tion will be short lived, and another depression is more likely to 
form. This development is often indicated by a rise in temperature. 
Temperature. — Changes in temperature are infrequent. The falls 
are more readily forecast than the rises, as the rises are more than 
likely to occur without the usual indications. In winter the east or 
southeast movement of a low is followed by sharp falls in tempera- 
ture, especially in the northern part of the State. In summer a 
gradient from the south brings cooler weather. 

NEW MEXICX). 

WeatJier. — ^As in Arizona, there is a well-defined rainy season, 
beginning usually during the first decade of July and ending with 
September. During the rest of the year the occurrence of precipi- 
tation is irregular and in the southern half of the State infrequent. 
Conditions favorable to the occurrence of precipitation are low pres- 
sure west or southwestward of the locality and the isobars running 
north and south. In the rainy season the precipitation is almost 
entirely from thunderstorms. During the rest of the year a small 
amount of precipitation attends the passage of lows, if the move- 
ment is not very rapid. Westerly winds bring fair weather. 

Temperatwre. — ^In common with other States remote from the 
tracks of lows during the greater part of the year, the variability 
of temperature is slight. The chinooks so common on the eastern 
slope in more northerly latitudes are notably absent. Marked changes 
to colder are more common than marked changes to warmer. As 
regards this feature the southeastern part of the State is perhaps 
an exception. 
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Fig. 186. — Isobars and Isotherms, North Pacific, January. 
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Fig. 187. — Isobars and Isotherms, North Pacific, July. 
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PORTLAND, OREG^ DISTRICT. 

[Comprising Idaho, Washington, and Oregon.] 
By E. A. Beals, District Forecaster. 

In this forecast district probably the first striking feature attract- 
ing the attention of the novice will be the fact that the winds on many 
occasions do not coincide in direction or force with what is expected 
from the character of the pressure gradients. Under these condi- 
tions the weight to be given the different elements forecast is largely 
a matter of personal judgment, supported by experience. 

There are two important centers of activity for the formation of 
liows and one for the formation of highs that affect the weather in 
this district. Besides these centers of activity, highs affecting the 
weather in the North Pacific States may originate anywhere in the 
interior of the British Northwest, or in northern Asia, and liOws 
occasionally develop over the district itself, or so near it as to affect 
the weather therein. 

For LOWS the most important center of activity is the semi-perma- 
nent depression overlying the extreme northern part of the Pacific 
Ocean. In summer there is a secondary center of activity in the 
great California Valley. From the former come the depressions 
causing our winter storms, and froin the latter— often combined with 
LOWS from the north— <;ome our summer rains and thunderstorms. 
The disturbances originating over the great California Valley are 
of a strictly convectional nature, probably due to the great summer 
heat experienced in that valley; while those from the North Pacific 
Ocean are probably advancing troughs of low pressure passing 
from the ocean to the continent. If they are of convectional origin 
the fact is not so apparent as it is with the California disturbances. 

The principal center of activity for highs is the so-called perma- 
nent belt of high pressure overlying the North Pacific Ocean near 
85^ north latitude. The configuration of this high is such that it 
can hardly be called a belt of high pressure, as the isobars defining 
it are closed curves with oval characteristics. Figures No. 186 and 
No. 187, taken from insets on the Pilot Chart of the North Pacific 
Ocean for January and July, published by the Hydrographic Office, 
show the position of this high during the two months in question. 
These charts also show the seasonal changes that take place in the 
LOW over the e2rt;reme northern part of the Pacific Ocean. Those 
forecasting the weather on the Pacific slope should have firmly fixed 
in their minds the changes that take place in these centers of activity 
from month to month, in order to recognize their offshoots when 
they appear on the weather map. 
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The writer has no knowledge of the tracks followed by the ma^ 
jority of highs before they affect the weather in Portland district, 
as they come from a region sending few if any telegraphic reports, 
or else originate so close to the district^ as to have no preceding 
track worth mentioning. 

Having a good understanding of the above-described conditions, 
one is prepared to take up in detail the forecasting of weather and 
temperature. 

After the synoptic weather charts are ready for inspection the 
first work is a mental calculation as to the movements that will take 
place in the positions of the highs and lows during the following 
24 to 48 hours. In making this calculation it is of prime importance 
to note the two-hour pressure changes. Quite often tiie information 
obtained from the weather charts is so evenly balanced that doubt 
exists as to whether fair weather or precipitation should be forecast. 

After conclusions have been reached regarding the expected state 
of the weather comes the determination as to the expected changes 
in temperature. These are of relatively less importance, except dur- 
ing periods of extreme hot or cold weather, when they take prece- 
dence over everything else. The direction of the wind governs the 
case of temperature the same as for weather, and in conjunction 
therewith it is necessary to reach conclusions as to whether it will 
be clear or cloudy in the different sections of the district, as radia- 
tion plays an important part in causing changes in temperature. 
The temperature chart, showing departures from normal and the 
areas of the changes that have taken place in the preceding 24 hours, 
is of great assistance in placing temperature in forecasts for a 
district or State. 

Figures 188 to 196, inclusive, show lows originating at the three 
centers of activity heretofore mentioned. Figures 188 to 191 illus- 
trate the manner in which a low from California moves north over 
this district The first rain was reported on 'the morning chart of 
July 9, 1918 (fig. 191), and the low was then central in southeastern 
British Columbia. Within the next 12 hours (fig. 192) the low had 
crossed the Eocky Mountains and precipitation had occurred gen- 
erally in the North Pacific States, except in the arid region to the 
leeward of the Cascade Moimtains. On the evening of July 10, 1913, 
the. rains had practically ceased, due to the low having advanced 
eastward to Saskatchewan and a high, first noted off the California 
coast the evening of the 8th, having advanced northward by the 
evening of the 10th to the mouth of the Columbia Eiver. This high 
the next morning, July 11, 1918 (fig. 194), was central over western 
Washington, and fair weather prevailed generally throughout the 
district. 
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Figures 195 and 196 show the first low of the season from the 
center of activity near the Aleutian Islands. Figure 195 shows when 
it was first observed over British Columbia and before any rain of 
consequence had fallen, and figure 196, 24 hours later, when the center 
of the disturbance was apparently over Alberta and rain had fallen 
in nearly all portions of the district. 

My predecessor, the late B. S. Pague,^ considered the first move- 
ment of a north Pacific high from the California coast north to the 
Washington coast a precursor of the dry season, and, likewise, the 
appearance of the first liow over northwestern Washington a pre- 
cursor of the wet season on this coast, and he would announce that 
such was the case when these disturbances first made their appear- 
ance. The writer does not think the first appearance of these dis- 




FiG. 195. — September 2, 1913. First low of season from nort.h Pacific. 

turbances marks a sufficiently clear distinction between the seasons 
to merit the attention he gave them, as sometimes the first appear- 
ance of the LOW in tiie northwest is followed by a long period of 
fair weather, and high-pressure areas from the south have moved 
north to the Washington coast in midwinter, and therefore are not 
an event marking the transition period from a wet to a dry season. 

That -the first appearance of these highs and lows mark seasonal 
characteristics can not be denied, and although it is thought they are 
not of sufficient importance to warrant the making of long-range 
forecasts, I have prepared a table giving the dates during the five 
years from 1909 to 1913, inclusive, on which the first and last lows 

1 Weather Forecasting and Weather Types on the North Pacific Slope, pp. 6 and 7. 
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from the two centers of activity appeared and the dates for the same 
period when the first and last highs from the south moved north 
to the Washington coast 

Table 1. 



1909 



1910 



1911 



1912 



1913 



Ay. 



First low from North Paoiflo Ocean. 
Last low Irom North Paciflo Ooean. 

First low from California 

Last low from California 

First high from California 

Last high from California 



Bept.23 
May 30 
Mar. 12 
Sept. 16 
Mar. 9 
Oct. 16 



Oct. 2 
May 26 
Mar. 13 
Oct. 11 
Mar. 9 
Oct. 26 



Sept. 14 
May 17 
Mar. 31 
Oct. 1 
Mar. 18 
Oct. 18 



Sept. 2 
Apr. 29 
Mar. 1 
Sept. 22 
Feb. 19 
Oct. 11 



Sept. 2 
Apr. 4 
Mar. 10 
Sept. 26 
Feb. 18 
Oct 2 



Sept. 15 
May 9 

Mar. 13 

Sept 27 
Mar. 4 
Oct 15 




Fio. 196. — Weather map, September 3, 1913. First low of season from north Pacifle. 

It is not to be understood from the foregoing table that the dates 
given represent in every instance clear-cut types, for some of them 
are difficult of identification and different forecasters very likely 
would disagree in classifying the disturbances. Great pains were 
taken in preparing this table, but it only represents the writer^s 
judgment in the.matter. 

In the case of the California disturbances nearly all the late and 
early ones, after streaming, as it were, northward, join forces with 
more or less weak lows from the north, none of which by itself 
would cause noteworthy precipitation, but when combined they 
usually cause general rains. The few midwinter highs from the 
California coast which have moved north to western Washington 
have been excluded from the table, as otherwise there would be no 
seasonal distinctiveness in the phenomenon. Some of the hiohs 
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tiiat have moved up the coast in midwinter evidently would not 
have gone so far north as they did if it were not for the attractive 
power of independent hiohs over Alberta and eastern British Co- 
lumbia. When these conditions prevail the two hiohs unite and 
form one large high that moves slowly southeastward and is very 
apt to be attended by a cold wave. 

Whether a low moves north from California and unites with a 
LOW from southeastern Alaska, or a high moves from the north 
California coast and unites with an independent high over Alberta, 
no distinctive physical features can be detected in the disturbances 
after the combinatioi^i has taken place, except that of greater magni- 
tude. 

The tables which follow show the percentages of temperature 
changes at the principal regular Weather Bureau stations in the 
Portland district, computed from a six-year record at the stations 
in Oregon and Washington and from a four-year record at the 
stations in Idaho tor the four months — January, April, July, and 
October. 



Table 2. 

JANUARY, 
f 10* temperature obanges.] 



Port- 
land. 



Seattle. 



Rose- 
burg. 



8po> 



Walla 
Walla. 



Baker. 



Boise. 



Poca- 



BtatioDary, both periods 

Stationary, warmer 

Stationary, cooler 

Cooler, staUonary 

Warmer, statioittry 

Warmer, cooler 

Cooler, warmer 

Warmer, botb periods. . . 
Cooler, both periods 



Peret. 
87 
8 
3 
6 
1 


2 
1 



Peret. 
87 
2 
2 
6 
3 


1 




Peret. 
75 
4 
6 
5 
6 

1 
2 
1 



Peret. 

77 
2 
2 

10 
6 

1 
2 




Peret. 
64 

e 

6 
6 
6 
1 

4 
5 



Peret. 

75 

4 

1 
8 
7 


1 
1 
3 



Peret. 
81 
2 
2 
7 
6 


1 
1 



Peret. 
65 
2 
5 
14 
10 
1 

4 




APRIL. 
* temperature changes.] 



Stationary, both periods. 

Stationary, warmer 

Stationary, cooler 

Cooler, stationary 

Warmer, stationary 

Warmer, cooler 

Cooler, warmer 

Warmer, both periods. .. 
Cooler, both periods 



48 


67 


42 


51 


46 


37 


38 


19 


11 


18 


10 


14 


19 


14 


11 




16 


14 


11 


13 


11 


7 






8 


8 


8 


14 


8 






9 


11 


8 


13 


6 






1 


2 


5 


3 


2 






2 


2 


4 


1 


4 




2 


8 


2 


4 


4 


1 




1 


1 


4 


2 


1 



33 
14 
7 
14 
11 
7 
3 
6 
5 
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Table 2 — Coutinued* 
JULY. 



Btationarir, both p^rlod^ 

fitaUonary, warmer 

Btdtkmar^r <^«il«ir 

Cooler, fltatloDBry ....... 

Warmer, stationary , » . . . 
Wfltijjcf » cooler ......... 

Cooler, ^^rarmer 

Wanoer, both periods. .. 
Cooler, both periods 



rort^ 
laiid. 



Fercf. 
dl 

20 

a 

3 
2 
S 
I 

2 



Seattle. 



Ftfct 

57 
21 
17 
1 
2 
I 
1 
1 
1 



Ro9e- 
hurg- 



40 

m 

£ 

7 
1 



Bpo> 



39 
13 

S 
S 
6 
5 
4 
i 



Walla 
Walla. 



31 

20 
13 

ft 

4 
3 

3 



33 
18 
13 

8 


7 

e 

4 
3 



Boise. 



P€rtf. 

99 

14 

11 

10 

8 

8 

1 

10 

5 



teUo. 



Per a, 
33 
1 

13 
1^ 



OCTOBER. 
[3° temperature rhangva.] 



Stationary, liotbi j>eTiods 

Btatlonajy, warmer ^ 

Statloaary H tcKiler,, „. „ 

Cooler^ stationary. * 

Warmpr, stallonwT,^ ,- . 

Warmer, rooler. 

Cooleff warmer. ... »*..». 
Warmer,bath periods... 
Cooler^ both periods 



The foregoing table illustrates how infrequently certain combina- 
tions in temperature take place, suchj for instancej as cooler the first 
period and \varmer the second period, or the reverse condition of 
warmer the first period and cooler the second period. In winter 
neither of these combinations occurs often enough to merit much 
consideration* This table also shows that more changes in tempera- 
ture occur in the second period in summer than in winter and more 
occur in the first period in winter than in mimmer. Familiarity 
with the conditions as shown in the table is necessary in order to 
meet them intelligently in forecasting temperature, otherwise too 
many combinations will be placed in the forecasts. 

In this district chinook or foehn^ winds are of common occurrence 
at all seasons of the year. The changes in temperature that take 
place when these winds prevail are more pronounced in winter than 
they are in the summer. In summer, when the chinook or foehn 
winds blow, there is seldom precipitation in the mountains, and, con- 
sequently, the changes are practically adiabatic and not compli- 
cated by the addition of heat brought about by the condensation of 
moisture* 

Figures 197 and 198 illustrate a type causing foehn winds over a 
large portion of the district and, consetjuently, a general warming 
up of the lower stratum of the atmosphere. These winds seldom 
last more than two or three days in winter. The summer foehn type 

^ Ee^ dlscueaion In Ch. II, pp. 09, 66.^ — EdUor. 
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is different, and, while the warming process is the same, the changes 
in temperature are not so great and the winds are not recognized 
by the public as of the f oehn type. 




Fio. 197. — January 23, 1913. Illustrating winter Chinook in Northwest ; isobars in full, 
isotherms in broken lines ; shaded areas show precipitation in last 24 hours. 




Fio. 198.— January 24, 1913. Winter Chinook in Northwest 

Figure 199 is a very good illustration of the summer type of foehn 
winds. It will be noticed that the winter type causes the 
winds to move from a westerly direction and the summer type causes 
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them to move from a northeasterly direction over a somewhat limited 
area. In the former case, the warming process is due to the air pass- 
ing over the Coast and Cascade Mountains, and in the latter to its 
passing over the Bocky Mountains and later over the Cascade Moun* 
tains, but from the opposite direction. 

The summer type of foehn winds usually causes the warmest 
weather of the season, and, on account of the drjrness of the atmos- 
phere, they are considered extra hazardous winds by fire patrols in 
forested regions. During the winter a somewhat magnified form 
of that type of pressure distribution which produces foehn weather 
in summer causes the cold waves of this district. In summer the 
pressure distribution, as above mentioned, produces a descent of dry 
air along the western slopes of the Coast and Cascade Kanges. Ac- 




FXQ. 199. — July 17, 1912. Summer chlnook in Washington, Oregon, and Idaho. 

cording to theory, heat is gained in the descent, the final tempera- 
tures being more or less dependent upon the initial temperatures, 
which, in the winter, and especially upon the occasion of a cold 
wave, are abnormally low. The heat gained by compression is evi- 
dently not sufficient to materially change the frigid character of the 
descending winds in winter. 

CONCLUSIONS. 

The writer feels that this paper contains very little information 
of value to a novice regarding the forecasting of the weather. The 
types used to illustrate the various phases of the work are so much 
better than the ordinary conditions to be found in the weather map 
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that the beginner in forecasting would find them of no help on many 
occasions. Several years ago an attempt was made to classify by 
types pressure distribution causing precipitation, fair weather, and 
important changes in temperature. Several hundred maps were pre- 
pared and an orderly arrangement made in accordance with the class 
of weather that followed. It was soon found that the type of dis- 
tribution causing fair weather consisted of a hioh over western 
Washington and a low anywhere east of the Rocky Mountains. The 
type causing precipitation consists of a high to the south, over Cali- 
fornia or Nevada, and a low to the north, over British Columbia, 
or one approaching the coast from the ocean. As the lows approach 
from the ocean and southerly winds prevail the temperature rises, 
and as the highs approach and move across the district the tempera- 
tures fall. 

In arranging the tjrpes, the greatest difficulty was experienced in 
getting similar ones by themselves. No two maps would be exactly 
alike and the difference often made it a matter of doubt as to which 
type the map properly belonged. After all the good types had been 
sorted, it was found that nearly as maiiy remained unassorted as had 
been classified. These were put in classes by themselves, and thus 
the number of types so accumulated, with only one or two maps of 
each, that the task of making a simple arrangement became hopeless. 
Furthermore, several maps with distribution of pressure as nearly 
similar as it is practicable to find them, and with similar 12- and 24- 
hour pressure changes, were found to be followed by dissimilar 
weather. These maps were consulted with more or less frequency for 
several years, when they were finally thrown away as no longer serv- 
ing a useful purpose. 

SAN FRANaSCO, CAL., DISTRICT. 

[Comprising California and Nevada.] 

By Gboboe H. Willbon, District Forecaster. 

In 1894, when Prof. W. H. jHanmion assumed charge of this fore- 
cast district, he directed me, then one of his assistants, to make prac- 
tice forecasts daily, which were later verified along with the official 
forecasts. The practice forecasts were made entirely independent 
of the official ones but were always compared the morning they were 
made as soon as time permitted, and when differences occurred they 
were thoroughly discussed and reasons for the conclusions drawn 
were given, and the final results were noted. The object sought was 
to improve the forecast work in this district. 

As the maps were discussed quite thoroughly each day, it soon 
became apparent that, while we often made the same forecast, we 



Digitized by 



Google 



836 



WEATHEB FORECASTING IN THE UNITED STATES. 



aTrived at our conclusions by entirely different lines of reasoning. 
Nor was that all, for we found that neither had a particular method 
not known and used by the other, that we both recognized the same 
principles, and that the only difference was a matter of opinion as to 
which factor to give the most weight. This experience has led me 
to believe that no one can ever hope to successfully forecast the 
weather in this district by any definite set of rules. 

The forecaster must not only understand the principles of cy- 
clonic circulation and apply them to the charts he is studying, but 
he must also keep the topography of the country constantly in mind, 
and likewise the season of the year and any peculiarities prior lows 
of that season have shown. Conditions that will produce precipita- 
tion in one winter may not do so the next and those giving rain in 
the winter will often only bring cloudiness in the late spring or early 
fall. Winds that will give cold and foggy weather along the coast 
in the summer will produce fine, balmy weather in the winter, and 
the same hot wind of the summer is the cold, chilly breeze of winter. 

A low temperature with the ground and vegetation wet will ^ve 
a heavy frost, but it will not cause damage or make necessary protec- 
tive methods like the same temperature when the ground and vege- 
tation are dry. The former is nearly always followed by cloudiness 
and fog in the early morning, which allows the fruit or bud to 
warm gradually and prevents the strain on the tissues caused by 
rapidly rising temperature on a clear morning. Conditions that 
ordinarily would cause only moderate frosts, with little or no dam- 
age, will, if the snow extends to the lower mountains and foothills, 
give much colder weather and killing frosts in the orchards and 
vegetable fields. 

The normal track of lows over the Pacific slope during the wet 
season is near the international boundary, and unless the pressure 
conditions are such as to deflect a low southward and out of the 
natural course, it will move east too far north to cause more than 
light precipitation in the extreme northern portion of this district 
If the pressure is nearly normal or is falling over British Columbia 
and Saskatchewan as a low approacK^ the coast, it will continue 
moving nearly due east until passing the Eocky Mountains and there 
will be little or no rain south of the point where the ocean high to 
the south of the low impinges on the coast. If, however, the pres- 
sure is high, or is rising with a fall in temperature over British 
Columbia and Saskatchewan, the storm will be deflected south, and 
the eictent of the southerly movement will be controlled by the re- 
sistance offered by the high as shown on the charts of the 12- and 
24-hour pressure changes. 

Sometimes a depression will move inland over the normal track 
and cause only cloudiness in this district, but will form a trough of 
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low pressure between the Sierra Nevada and Cascade Mountains on 
the west and the Rockies on the east, extending south to southern 
California and Arizona. Then, as it moves farther east the lower 
end of the depression will break from the main storm and form a 
secondary over the southern portions of Nevada and Utah, and 
northern Arizona, causing rain in Nevada and southern California. 
This is a very unsatisfactory condition to the forecaster, as the pre- 
cipitation, while often heavy, is mostly confined to the mountain 
regions and is seldom shown at the regular Weather Bureau stations. 
His forecast is an oficial failure, but his consolation is gained from 
press and cooperative observers^ reports. In the fall this condition 
often gives showers in the San Joaquin Valley during the raisin- 
drying season. Another type giving showers during the fall in the 
raisin district and in the moimtains of central and southern Cali- 
fornia is the '^ sonora,'' thsA is, a deep depression extending north- 
ward from Mexico over the interior of California, western Ariz<ma, 
and southern Nevada. These seldom give rain unless they first cause 
a heavy cloud-cap ovef the Sierra Nevada and Sierra Madre Moun- 
tains, and the rains are generally in the form of thunderstorms. 

All storms on this coast move in from the Pacific; therefore it 
becomes necessary for the forecaster to anticipate their approach as 
far in advance as possible in order that warnings may be issued be- 
fore the areas of high wind and rain reach the land. To accomplish 
this it is necessary to follow the pressure changes very closely. The 
writer usually bases his first rain forecast on the approach of 
a storm on the 2- and 12-hour barometer changes, wind direc- 
tion, and increase in cloudiness, but it is seldom that all of these 
factors are available at that time. Sometimes it becomes necessary 
to make a rain forecast on only the 2-hour pressure change, at others 
on a change in wind direction with an increase in velocity, or on an 
increase in cloudiness. It would be impossible to say to which factor 
the most weight should be given, because the season of the year and 
the general characteristics of the previous liows of the season would 
have to be considered and the forecast would depend largely upon 
the exercise of sound judgment. 

Lows moving in from the Pacific seldom progress at a uniform 
rate, but rather in pulsations, and when they strike the coast often 
recurve back into the ocean only to return again farther north at 
intervals ranging from about 12 hours to 2 days. This is especially 
noticeable when the low appears south of the mouth of the Columbia 
Eiver. Often when a low strikes the coast a portion will be de- 
tached and move eastward while the main storm remains at sea, 
returning as above stated, until the entire low has passed inland, 
o— 16 22 
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After a portion of a low has passed inland, the pressure will rise 
rapidly and after a short interval of apparently clear weather it 
will again suddenly appear on the coast.^ The return is usually a 
very rapid movement, and unless the forcaster understands this con- 
dition he will find the following day he has a "fair weather" forecast 
with rain falling over a large portion of the district. He should have 
noted that while the pressure rose rapidly and the clouds disappeared, 
the winds along the coast continued from the south and east, indi- 
cating a continuance of the storm in the ocean; also, that his pressure 
changes were too rapid, often showing a greater 12-hour change at 
interior stations than along the coast, and were not supported by the 
24-hoiir changes. Never be misled by clearing weather after a de- 
pression on this coast so long as the wind remains in a southerly 
direction. 

When a high moves in from the Pacific, causing a rapid change 
from cloudy to clear weather, there will be a marked fall in the tem- 
perature over northeastern California and Ne\^da; but in the valleys 
and coast sections of California the changes will be much less marked, 
and in no section will the temperature fall be sufficient to justify a 
cold wave warning when the high comes in from the ocean. The 
severe cold weather in this district appears to be a matter of air 
drainage, and does not occur unless there is a steep gradient to the 
south westward of an area of high pressure with very low tempera- 
tures moving south from British Columbia and Alberta. 

In the late spring, summer, and early fall, when* highs cover the 
North Pacific States and Plateau region, light to moderate, north to 
east winds prevail over California, and the cool ocean influences are 
checked or held back. The sky is clear and insolation is great, and the 
air is heated dynamically in moving down the mountain slopes, caus- 
ing veiy high temperatures in the valleys and coast sections. When 
these conditions are very marked they produce hot waves. 

Summer fogs along the coast usually occur under three conditions : 
(a) A marked rise in the barometer on the Oregon coast extending 
rapidly southward will give foggy weather south of the center of the 
rise; (b) a rise in pressure on the southern coast extending north 
will cause foggy weather north of the center of the rise; and (c) 
when the temperature is very high in the interior and there is an 
inverted gradient of about 10^ in 3,000 feet, as shown between San 
Francisco and Mount Tamalpais. The condition (&) during the 
summer months will also produce a rapid cooling in the interior, 
reaching Sacramento and Stockton in about 12 hours, and Bed 
Bluff and Fresno in from 24 to 30 hours after the change at San 
Francisco. 

> Et^t In tbh coonpctioB, Ch. V, p. 110. 
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During the winter and early spring months a dormant high central 
over the Plateau region will cause fog over the interior valleys ex- 
tending about 1,000 or 1,500 feet up the sides of the mountains. 
This condition causes cold and very disagreeable weather in the 
valleys, while stations above the fog will experience warm sunshine 
and pleasant weather. 

In the foregoing an attempt has been made to treat forecasting in 
this district on the broadest possible lines. All minor details have 
been purposely omitted in order to avoid lengthy explanations which 
might lead to confusion and would serve no good purpose in a paper 
of this character. 
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CHAPTER XTTT, 
LONG RANGE WEATHER FORECASTS. 

By Edwabd BL Bowib, District Forecaster. 

That there is a widespread demand by the public for weather fore- 
casts for long periods of time, such as a coming season, or a year, is 
unquestionably true; that such forecasts would be of inestimable 
value is likewise unquestionably true; that there is not at this time, 
nor }8 it probable that there will be in the near future, a sound basis 
for such forecasts, is also unquestionably true. Of course exception 
is made in the case of forecasting of the strength and beginning of 
the southwest monsoons of India. Most attempts at seasonal or 
yearly forecasts have as a pretended basis either planetary or solar 
influences, the latter as manifested by sunspots; and while there may 
be a fairly close relationship between visible solar phenomena and 
the earth^s weather, aside from the seasonal changes, no one may yet 
assimie a relationship between planetary influences and the earth's 
weather. 

In Weather Bureau Bulletin No. 35, 1904, " Long Range Weather 
Forecasts," the late Prof. E. B. Garriott concludes as follows: 

A review of the foregoing remarks and opinions regarding the application 
of past and present astronomical and meteorological knowledge to the theory 
and practice of long-range weather forecasting leads to the foUowing conclu- 
sions: 

(1) That systems of long-range weather forecasting that depend upon plan- 
etary meteorology, moon phases, cycles, positions or movements; stellar influ- 
ences or star divinations ; indications afforded by observations of animals, birds, 
and plants ; and estimates based upon the weather of certain days, months, sea- 
sons, and years have no legitimate basis. 

(2) That meteorologists have made exhaustive examinations and compari- 
sons for the purpose of associating the weather with the various phases and 
positions of the moon (and the planets) in an earnest endeavor to make ad- 
vances in the science along the line of practical forecasting and have found 
that while the moon and perhaps the planets (to an inappreciable extent), 
exert some influence upon atmospheric tides, the influence is too slight and 
obscure to Justify a consideration of lunar and planetary effects in the actual 
work of weather forecasting. 

(8) That stars have no appreciable influence upon the weather. 

(4) That animals, birds, and plants show by their condition the character 
of past weather, and their actions the influence of present weather and the 
character of weather changes that may occur within a few hours. 

S41 
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(5) That the weather of days, months, seasons, and years affords no Indica- 
tion of fature weather further than to show present abnormal conditions that 
the future may adjust 

(6) That six and seven day weather periods are too ill-defined and irregular 
to be applicable in the actual work of forecasting. 

(This refers to the so-called six-seven day weather cycle. E. H. B.) 

(7) That advances in the period and accuracy of weather forecasts depend 
upon a more exact study and understanding of atmospheric pressure over great 
areas and a determination of the influences, probably solar, that are respon- 
sible for normal and abnormal distributions of atmospheric pressure over the 
earth's surface. 

(8) That meteorologists are not antagonistic to honest and well-directed 
efforts to solve the problem of long-range forecasting; that, on the contrary, 
they encourage all work in this field and condemn only those who, for noto- 
riety or profit or through misdirected zeal and unwarranted assumptions, 
bring the science of meteorology into disrepute. 

(9) That meteorologists appreciate the importance to the world at large 
of advances in the period of forecasting and are inclined to believe thi^t the 
twentieth century will mark the beginning of another period in meteorological 
science. 

These conclusions are as sound to-day as when they were written, 
and express the consensus of opinion of nearly all meteorologists. 

The n. S. Weather Bureau has never attempted forecasts for a 
year, season, or a month in advance, but for several years (since 
1907) it has caused to be issued forecasts for a week in advance. 
The character of such forecasts is shown by the following: 

FORECAST FOB THE WEEK BEGTNNINQ WEDNESDAY, 

April 14, 1915, 

North AtlafUio States. — Generally fair weather wiU continue untU the ISth 
to 20th, when the weather will become unsettled, with probably local showers. 
The temperature will be low during the 14th to 16th, followed by a marked 
change to higher temperature the latter half of the week. 

Middle AtlafUio States.— The weather will be fair until near the close of the 
week, when there will be a short period of unsettled weather and showers. 
The first half of the week will be cool with probably frosts ; the latter part of 
the week will be warmer. 

South Atlantic and east Oulf States. — ^The week will be one of generally fair 
weather, with temperature near the seasonal average. 

West ChUf States. — ^Except for local showers and thunderstorms between the 
16th and 18th, the week will be one of generally fair weather, with the tem- 
peratures averaging above the seasonal normal. 

Ohio Valley and Tennessee. — Fair weather will prevail until the 17th-19th, 
when there will be local showers and thunderstorms, followed by a return of 
fair weather on the 20th. Temperature will rise decidedly the first half of 
the week and remain high thereafter until the close of the week. 

Reffion of Great Lakes. — ^Fair weather will prevail during the next three or 
four days ; the latter half of the week will be unsettled with local rains. The 
temperature will rise decidedly from the 14th to 16th and remain above the 
seasonal average the latter half of the week. 
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Plains States and upper Mississippi Valley, — Generally fair weather, with 
temperatures above the seasonal average, will prevail until the 17th-18th, 
when there will be local showers and thunderstorms, to be followed by fair and 
cooler weather the latter part of the week. 

Rocky Mountain and Plateau regions. — ^Local showers the beginning of the 
week will be followed by several days of fair weather, with temperatures near 
or slightly below the seasonal average. 

Pacific States. — ^The week will be one of generally fair weather, with tempera- 
tures below the normal. Showers are probable the latter half of the week in 
Washington and Oregon. 

Such forecasts are based on daily meteorological reports from a 
wide field. While it will not be possible to go into details concerning 
the making of such forecasts, yet a number of precepts that guide 
the forecaster in their preparation follow below. In addition thereto, 
he must constantly carry in his mind the character of the weather 
that is normal to the season in the several districts forecast for; he 
must be entirely familiar with the prevailing weather conditions of 
the United States and also the progress of disturbances — that is, their 
speed of movement and the latitude of their paths across the United 
States — and whether they have been attended by widespread precipi- 
tation or by only scattered areas of rain or snow. This is important, 
as it occasionally happens that there is a series of lows which cross 
the country nearly devoid of precipitation, whereas on other occa- 
sions, no matter how weak or ill-defined the disturbances of a series 
may be, all are attended by general precipitation. Hence, one of 
the old precepts of the forecasters of the Weather Bureau, " Watch 
the run of lows — ^if the tendency is toward widespread rain or snow, 
it is well to forecast accordingly; if, on the other hand, the lows 
have been crossing the country unattended by well-defined areas of 
precipitation, it is the safer course to assume that the low on the map 
under consideration will be like the one that preceded it — without 
precipitation of consequence.'' Also he must bear in mind whether 
current lows are followed by pronounced changes to colder weather 
or only slight reactions to normal temperature. 

Having a grasp on the prevailing weather and storm types in the 
i*egions to be forecast for, the forecaster from day to day endeavors 
to connect them with the prevailing pressure distribution over the 
regions outside of th^ United States. From a study of the weather 
charts of the Northern Hemisphere the following more or less defi- 
nite rules are given for the guidance of forecasters engaged in this 
work: 

Conspicuously abnormal pressures in the regions of the so-called 
** centers of action" are associated with marked departures from 
normal conditions of weather and temp)erature in the United States. 
The centers of action that are most important in connection with 
the weather in the United States are the lows over the Aleutian 
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Islands and Iceland and the highs in middle latitudes of the Pacific 
and Atlantic Oceans and, in the winter season only, the continental 
HIGHS over Canada and Siberia, There seems to be a fairly well- 
regulated balance of tibis whole system, and when marked changes, 
whether they be of position or int^isity, occur in one center of action 
in the majority of cases they show in the others. For instance, when 
the pressure level in the middle latitudes of the Atlantic for any 
particular month is above normal, the pressure at Iceland will prob- 
ably be below normal. This is true in slightly over 80 per cent of the 
cases, as was brought out by Dr. J. von Hann in a study of pressures 
at Iceland and the Azores. A similar relation has also been observed 
between Hawaii and Alaska and between Hawaii and Alberta. 
Again, in tiie majority of cases, Alaska and Iceland show departures 
of the same sign and the same holds with respect to B^awaii and 
the Azores. These latter east-west relations, however, are not so 
well marked as the first-mentioned north-south relations. Siberia 
and the southern Alaska coast also show an inversion. All these 
centers of action exert a control of the weather in the United States, 
and the following statements will show in a measure just how the 
different centers of action operate to do this. 

As almost all the lows which affect the weather of the United 
States come from the west, we naturally look to Alaska and the 
Pacific Ocean to ascertain the time when the IX)W will first make its 
appearance in the United States, and also in what region it will first 
appear. If the Pacific Ocean high is well developed and encroaches 
on the Pacific coast, it will be foimd in the great majority of cases 
that pressure in Alaska is below normal. Under such conditions 
Alberta lows predominate, and the first one appears about 36 hours 
after the pressure over Alaska has begun to f alL 

If the Pacific Ocean high is below normal and at the same time 
pressure is above normal over northern Alaska and Alberta, Pacific 
coast LOWS predominate rather than Alberta lows. For other factors 
that control the direction and rate of movement of the highs and 
LOWS one must look to the eastward. The main control of direction 
of storm movement in the eastern portion of the United States is the 
high over the Atlantic Ocean in the vicinity of Bermuda. When 
this high is well developed and west of its normal position 
LOWS from the west will have a tendency to take courses to the 
northward — ^that is. Alberta lows will move along the northern 
border, while southwest lows will pass northward through the Mis- 
sissippi Valley rather than take more southerly courses through the 
Gulf States; but if pressure in the Atlantic Ocean high is below 
normal and its center is east of its normal position, pressure off the 
Middle and South Atlantic coasts will generally be below normal, 
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and storms from the west will take courses well to the southward. 
Alberta i/>ws, during the time of such pressure distribution, will pass 
southeastward to the middle Mississippi Valley before passing down 
the St. Lawrence Valley, while southwest lows will pass eastward 
through the Gulf States. With regard to the rate of storm move- 
ment, it has been noted that when there are slight variations in 
pressure, whether the barometer be high or low, in the main storm 
track, say over the British Isles, there will be a slowing down of the 
storm movement in the eastern United States about five or six dayd 
later, which retardation will later spread westward, provided the 
duration of the stagnation is sufficiently great. The storm move- 
ment in the eastern United States will not resume average progress 
until about five or six days after the storm movement becomes normal 
again over the British Isles. 

In addition to the foregoing rules, the following precepts will be 
of help to the forecaster in arriving at an understanding of the 
changes in pressure over the " centers of action " and their relation to 
types of weather in the United States: 

(1) With the pressure above normal over Alaska, lows appear o£f 
the Pacific coast or Plateau region and move far to the southward 
before recurving to New England. 

(2) With high pressure over Alaska, more precipitation than 
usual occurs in the United States. 

(8) Cold waves of more than very short duration do not occur 
when the barometer is low over Alaska, whereas intensely cold 
weather over the United States east of the Rocky Mountains is gener- 
ally associated with high barometer over Alaska. 

(4) The magnitude and position of the center of the high over 
middle latitudes of the Atlantic Ocean has a marked influence over 
the weather in the eastern half of the United States and the great 
central valley. In the winter, precipitation above the normal and 
warm weather follow generally over the Eastern and Southern States 
when pressure is high over the Atlantic, and generally dry and cold 
weather follows in these regicxis when this ocean high is below its 
seasonal intensity. 

(5) In the winter months, with high pressure over Honolulu, 
HIGHS enter the United States fnmi the Hudson Bay region or build 
over the St Lawrence Valley and the Canadian Maritime Provinces. 

(6) A fall in pressure at Honolulu is attended by a rise to high 
pressure in the Northwest Lows will appear on the Pacific coast 
within three days after the fall at Honolulu. 

(7) When a change to low pressure occurs at Horta, Azores, 
storm movements and changes in temperature accompanying and fol- 
lowing them will be of marked intensity in the eastern half of the 
country. 
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(8) In the summer months, if the Atlantic high is well developed 
and pressure is high in the neighborhood of Bermuda at the same 
time, LOWS and changes in temperature accompanying them will be 
modified in intensity in the southeastern States, the character of the 
weather being generally fair and warm. 

(9) North Pacific lows are offshoots from the Aleutian Islands 
winter low when the latter is well defined and somewhat south of 
its normal position. 

(10) Alberta winter lows are offshoots from the Aleutian Islands 
LOW when it occupies a normal position, and appear over Alberta, 
usually within 86 hours after the pressure has begun to fall over 
Alaska. 

(11) South Pacific lows occur when the Aleutian Islands low is 
far south of its normal position and there is high pressure over 
Alaska and the western Canadian Provinces. 

(12) Marked falls in pressure over the Alaskan area are ordi- 
narily followed by lows over the St. Lawrence Valley in about five 
days in winter and in six to seven days in summer. 

(13) Marked increases in pressure over Siberia, say in the region 
of Irkutsk and Tomsk, will be followed in the winter by similar 
changes in pressure over the Canadian Northwest in about 10 days 
and in the summer in about 12 to 14 days or more. A large per- 
centage of these Siberian changes are reproduced in the Canadian 
Northwest. The same periods hold for decreases in pressure. 

(14) In the summer season, a slight shifting to the westward of 
the Atlantic high-pressure area gives temperatures above the normal 
and generally dry weather over eastern portions of the United States. 
If the center of this high-pressure area shifts to the westward, south 
of its usual position as regards latitude, the heat is general fr<Hn the 
Gulf of Mexico to Canada. If, however, the center occupies a more 
northerly latitude in its western position, the heat area is confined 
to the more northerly districts of the United States, while the south 
Atlantic districts receive the benefit of the easterly winds from the 
ocean. (Garriott.) 

(15) When the Atlantic high-pressure area occupies a position 
east of its normal location over the Atlantic Ocean, or exhibits pres- 
sure below normal, cool weather for the season or at least variable 
temperature is experienced over the eastern portions of the United 
States. (Garriott.) 

(16) As a general proposition, the Atlantic high-pressure area 
controls to a great degree not only the summer weather of the 
greater part of the United States, but also the course and character 
of West Indian hurricanes. (Garriott.) 

In concluding the subject attention is invited to certain types of 
pressure distribution in which the controlling feature apparently is 
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the HIGH. The form and magnitude of the latter probably supple- 
mented by local topographic or surface control, seem to be associated 
with .a tendency of the prevailing weather conditions to continue 
for several days or a week. When these conditions of pressure dis- 
tribution become firmly established the forecaster is able to take 
advantage of them and thus to extend the outlook generally as much 
as a week beyond the 86-hour period of the morning forecast. 

A number of these special conditions of pressure distribution have 
been described in Supplement No. 1 of the Monthly Weather Re- 
view — ^Bowie and Weightman. 

In the following paragraphs attention is directed to the indica- 
tions afforded by (1) a large central high, (2) Lake region highs 
of spring, and (3) winter Plateau highs. 

Large central highs. — ^An infrequent pressure distribution is that 
of relatively high pressure covering the interior of the United 
States, with minor lows over the Plateau and along the northern 
border. When this condition obtains it is persistent, and, as a rule, 
the crest of the high drifts slowly southward, especially when the 
isobars trend due east and west over the southern quadrants. In 
such cases rain falls on the southern periphery of the high and ad- 
vances southward. The breaking of this pressure condition begins 
with the appearance of an extensive fall in pressure in the north- 
west, with an extension southward to Texas, where rains may already 
have begun. Frequently a widespread rain area follows, although 
the map may appear to indicate fair weather. (See map^ of Jan. 
1-5, 1901; Jan. 4-7, 1902; Jan. 1, 1904; Dec. 3-4, 1904.) 

Lake region highs of spring. — In spring there are frequent in- 
stances where highs develop over the upper Lakes and remain sta- 
tionary for 36 to 48 hours or even longer. This is a fair-weather 
type for the Lakes and the New England and Middle Atlantic States, 
except that as the high develops southward there is a ^^ squeeze" 
(a region of opposing winds) that causes rain. If the high in- 
creases, this rain area is driven south ; if the high drifts eastward, 
the rain area will follow in the region of east and northeast winds. 

Winter Plateau highs.^ — ^These highs remain stationary, and off- 
shoots move out of them eastward. An almost certain index to the 
disintegration of the Plateau high may be gained from the tem- 
perature conditions prevailing within its area. Rising temperature 
always precedes and attends the breaking up of this high. (See 
map of Dec. 9, 1913.) Highs over the western Plateau are usually 
coincident with fair weather, except in the Lake region, the upper 
Ohio Valley, and the North Atlantic States, where there is precipita- 

^ See also Great Basin highs, Chs. V and Xll. — ^Editor. 
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tion due to a succession of lows from the Northwest The latter 
statement does not hold good when the pressure is abnormally low 
over the north Pacific and high over the Atlantic. In this case 
northern lows are usually followed by developments in the South 
and Southwest. 
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GLOSSARY. 

TEBICS BELATING TO ABEAS 07 LOW PRESSURE (LOWS). 

Cyclone, or low, — Aa defined on page 75. 

The term low on the weather map, as a rale, is synonymoiL^i with eyclOQe; 
th^re are occasions, however, when, strictly speaking, the use of the word 
LOW to indicate a cyclone is not proper. On the daily weather map the word 
LOW always indicates a region of low pressure, but the true cyclonic ctrculatioa 
may be only imperfectly developed. The use in the text follows the use on the 
daily weather maps. (See also Oh. I.) 

£feoofularie«.— As defined on page 75. 

LowMt weUrdefined, weU^marked, pronounced, — These and similar expresslona 
are to be understood as referring to the development of the low ; particularly 
as regards its wind circulation, form of isobars, and, generally speaking, the 
level of the barometer. In each case it is to be inferred that the circulation 
is cyclonic and that the boundaries of the low are definite and sharply marked. 

Lows, deep, — ^Defined on page 94. 

V-depresHon.— Defined on page 75. 

Troughs, — ^The context will generally show whether the trough of a low — 
sometimes spoken of as the trough line or a trough-shaped depression — as a 
whole is referred to. 

Lows, intenHty o/.— The criterion of intensity is the steepness of the baro- 
metric gradient in some part of the circumference of the low* The level of 
the barometer is generally, though not necessarily, an index of the Intensity 
of the LOW. 

Dry knra.— Any low not attended by precipitation for one or more periods, 

TERMS relating TO AREAS 07 HIGH PRESSURE (HIOHB). 

High, — ^As defined on page 75. 

In the great majority of cases this term, without qualifying expression. Is 
synonymous with anticyclone. In a small number of cases it signifies merely 
high pressure in which the wind circulation may depart somewhat from the 
true anticyclonic circulation. 

High, strong, or well-defined,'— When the qualifying term well-defined, or 
strong, is used it Indicates that the true anticyclonic circulatloo Is present; 
that the isobars are of elliptical form; and that the phenomenon has a pro- 
gressive movement from place to place, with a definite speed (see p. 96). 

Highs, UMeflned',—A poorly defined high indicates one with little or no 
movement outfiow of air, is weak, or has ceased and the pressure may be falling 
(see p. 96). 

Pseudo highs, — The highs that form as a result of reaction from low pres- 
sure while the real high is yet some distance away. The pressure in pseudo 
highs rarely reaches a level much above 30 inches. ' 

Highs of great magnitude, — The word "magnitude" refers to geographic 
area ; therefore a high of great magnitude is one of large superficial extent. It 
generally happens that highs of great magnitude are characterized by central 
pressures of relatively high level-r80«50 to 30.70 inches. The primary slgnlfl- 
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cance, however. Is extent of territory covered rather than a relatively hifi^ 
barometer level. 

Highs, qualifying terms as to temperature. — It seems necessary to use at 
times terms descriptive of the temperature in a high, with reference to its 
departure from the normal for the place and season ; hence under temperature 
we have adopted the following terms: 

Cold'toave highs. — ^A high that has produced a fall in temperature in 24 
hours equivalent to a technical cold wave. 

Reinforced highs. — As defined on pages 130 to 131. 

Cold, or cool, highs. — A high with temperatures below the seasonal normal. 

High of good proportions. — Same as well-defined high, except that the level 
of the barometer may be anywhere from 30.20 to 30.50 inches in winter and 
30.10 to 30.20 in summer. 

BASOMETBIC GKADDENTS. 

The qualifying adjectives steep, fair, moderate, or weak, when applied to 
pressure gradients, may be roughly interpreted in distances between consecutive 
tenth-inch isobars, thus: 



Difference between 0.1 inch isobars (in statate miles). 



QradSent. 



Fifty or less 

Fifty to one htmdred fifty 

One hundred fifty to three hundred 



Moderate 
or weak. 



Terms relating to temperature. — The "break," a term used to indicate the 
sudden change from abnormally high temperatures which occur simultaneously 
with the shift of the wind in a V-depression. 

Blizzard. — ^An intensely cold, violent storm, characterized by high wind and 
fine, driving snow, such as those which originate on the eastern slope of the 
Rocky Mountains in Canada and the United States. 

Flat map. — ^Map with very weak pressure gradients and indilferent, or neutral, 
pressure distribution. 

Hot toinds. — ^The winds here referred to develop over the Plains region east 
of the Rocky Mountains. Their chief characteristics are unusual heat and dry- 
ness and brisk movement 

Storm. — The term " storm," unless specifically qualified, may include any or 
all atmospheric disturbances attended by high winds, with or without rain, 
snow, hail, sleet, thunder, and lightning. 

The term was formerly commonly employed as a synonym for cyclone, and is 
still occasionally used in that sense. The term as used in this work relates to 
the storm winds of the low. 

"A " chart. — The chart upon which detaileil weather reports are entered. The 
principal weather chart used by the forecaster. 
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London, v. 92, p. 711-712.) [An unfavorable criticism of weather fore- 
casts in general. Continued in *' Nature/' June 4, 1914, v. 98, p. 849-^50.] 

Ktlham, Willis Isblster. Meteorology : a textbook on the weather, the causes of 
its changes, and weather forecasting. New York. 1912. 549 p. plates. S\ 
Chapter 8 : Weather predictions. 

Moore, Willis L. Forecasting the weather and storms. (In National geographic 
magasine, 1905. Washington, v. 16, p. 255-^805, incl. 20 charts.) 

Moore, Willis L. Storms and weather forecasts. (In National geographic 
magazine, 1897. Washington, v. 8, p. 05-82, & 25 charts.) 

[Moore, Willis L.] Study of cyclones and its value for daily forecasts. (In 
U. S. Weather bureau. Report of chief, 1902-03, p. xiv-xvil.) 
Same. (In U. S. Weather bureau. Monthly weather review, 1903. v. 81, p. 
028-680.) 

Moore, Willis L. Weather forecasting; some facts historical, practical, and 
theoretical. Washington. 1899. 16 p. S^. (U. S. Weather bureau. Bui* 
letm 25.) 

Beprinted from the Fonim, May, 1898. 

PemteTy J. M. Methods of forecasting the weather. (In U. S. Weather bureau. 
Monthly weather review, 1903. v. 81, p. 576-582.) 

Translated from "Vortrftge des Vereines lur Verbreitong naturwissenschaft- 
licher KenntnlBse in Wien." 48. Jahrgang, Heft 14. 

Same. (In Scientific American supplement, 1905. New Tork. v. 59, p. 

24858-60.) 
Same. (In Smithsonian institution. Report, 1908. Washington, p. 151-165.) 
Same, separate. Washington. 1904. (Smithsonian institution. [Publica- 
tion] 1498.) 

Beed, C. D. Forecasting for the farmer. (In U. S. Weather bureau. Monthly 
weather review, 1900. v. 28, p. 287-28&) 

Bussell, Thomas. Meteorology; weather, and methods of forecasting. New 
York and London. 1895. zxiil, 277 p. charts. 8^ 

Beprinted, 1906, withont the charts of pressure types and rainfaU areas. 

Scott, A. G. Notes on meteorology and weather forecasting for Junior navi- 
gators. Portsmouth and London. 1909. 40 p. 24 diagr. 4*. 

Scott, Robert H. Weather charts and storm warnings. 8d ed. rev. & enl. 
London. 1887. vi, 229 p. 12*. 

Shaw, W[illiam] N[apier]. Forecasting weather. London and New York. 
1911. zzvii,880p. 

S[]xaw], W[illiam] N[apier]. Some aspects of modern weather forecasting. 
(In Proceedings of the Royal institution of Great Britain, 1904. London. 
V. 17, p. 455-457.) 

Abstract of an address deUvered at the Royal institution. 

Same. (In Nature, 1905. London, v. 72, p. 854-855.) 

Smithy J. Warren. Weather forecasts. Columbus. 23 p. 8**. (Ohio agricul- 
tural college extension bulletin, Feb., 1911. v. 6, suppl. no. 1-no. 6.) 

Steinmetz, Andrew. A manual of weathercasts : comprising storm prognostics 
on land and sea ; with an explanation of the method in use at the Meteoro- 
logical office. London. 1866. 208 p. 16^ 

Stewart, W. P. Local forecasting at Escanaba, [Mich.]. (In U. S. Weather 
bureau. Monthly weather review, 1907. v. 85, p. 856-857.) 

Stok, J. P. van der, d Oalle, P. H. The relation between changes of the weather 
and local phenomena. [Amsterdam.] 1912. 10 p. 4°. 

Reprinted from Proceedings of the meeting of February 24, 1912, " K. Akad- 
emie van Wetenschappen te Amsterdam.** 
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ToTsbee, Hecrj, Weather forecasting for the British Islands by means of a 
barometer, the direction and force of wind, and cirrus clouds. London. 
1890, iv, 36 p. plates. 16**. 

V, S. Weather bureau. Bulletin 24: Proceedings of the convention of Weather 
bureau officials, held at Omaha, Nebr., October 13-14, 1898. Washington. 

MlsceUaneotia papers on forecasts and special warnings, p. 10-54. 

IT. S. Weather mreau. Bulletin 81: Proceedings of the 2d convention of 
Weather bureau officials, held at Milwaukee, Wis., August 27-29, 190L 
WashlDgton. 1902. 246 p. 8**. 

MlBceUaD^otii^ papers on forecasts and warnings, p. 115-168, 

Walz, Fterdlcand] J* Fake weather forecasts. (In Popular science monthly, 
1905, New Xctk. v. 67, p. 503-513.) 

Ward, Robert DeC^urcy, Practical exercises in elementary meteorology. Bos- 
ton. 1^9* 3dif, 199 p. 8''. 

Part I V : ThG correlations of the weather elements, and weather forecasting. 

Webber, Blertram] C. Canadian weather forecasting: an addendum to •• €kiles 
firom tlxe Great Lakes to the Maritime provinces," covering the years 1905- 
1912, both Inclusive, Ottawa. 1913. 29 p. 8**. (Canada. Meteorological 
service- I Pu bllca tton. ] ) 

Webber, B[ertram] C. The gales from the Great Lakes to the Maritime prov- 
inces, [1874-1904]. Ottawa, 1905. 63 p. 8'. (Canada. Meteorological 
service, ( FuMlcatf on. ] ) 

Wilson, W, M, Ampurication of forecasts for benefit of shippers of perishable 
product!^. I In U. S. Weather bureau. Proceedings of the 3d convention 
of Weather bureau officials, held at Peoria, 111., September 20-22, 1901 
p, i^-^2.) 

VEBUICATION OF F0BECAST8. 

B*yaj-dr F. Campbell. The government meteorological organizations in various 
parts of the worltL (In Quarterly journal of the Royal meteorological so- 
ciety, ISee, V. 25, p. 6^132.) 

Em hod ten rep lies to a set of questions addressed to the varlons meteorologica] 
servk^'i;. amonj^ which is the following : ** If weather-forecasting has been ■ 
undertaken, Vpiiut has been the percentage of success?'* 

Clayton, H, Helm. Verification of weather forecasts. 9 p. 8*. 

ReprlDted from the American meteorological Journal, Ann Arbor, Mich., 
September, 1B89. ▼. 6, p. 211-219. 

Htarringtou], M. W. Verifications at the Signal office. (In American meteor> 
ologlcal Journal, ISSO. Ann Arbor, Mich., v. 6, p. 19-^2.) 

The wrltr^r liHf selected, from U. 8. Signal service. Instructions no. 33, Aug. 
1, lhSi<, nn pfiTLi(?raphs relating to the Teriflcation of forecasts. Current lo- 
st ructions AJD tfi^R subject are pubUshed in U. 8. Weather bureau. Station rcgu- 
IfttloD^, l^fj, Kud amendments. 

Koppfln, W, The best method of testing weather predictions. (In Report of 
the International meteorological congress held at Chicago, 111., Aug. 21-24, 
1808. U, S, Weather bureau. Bulletin 11. p. 2^-34.) 



Tbe 9«ctIon od " Forecasts and warnings ** in the " Proceedings of the 2d con- 
renrion of We4ither bureau officials, held at Milwaukee. Wis., Aug. 27-29, 1901,'* 
contains m uumt^r of papers dealing with the verification of forecasts. 

LONG-EANGE FOBECASTS. 

Abbe, Clevelanrl. Forecasting monsoon rains. {In U. S. Weather bureau. 
Monthly weather review, 1896. v. 23, p. 213-215.) 

Inelud^ij ell fit: (1 salon of long-range predictions of summer rains in the United 

Abbe, Clevelantl. Tb^ physical basis of long-range weather forecasts. 10 p. 4*. 
Reprinted from the Monthly weather review. 1901. v. 29. p. 551-661. This 
paper 1ft u siitumai-y of lectures delivered at Johns Hopkins university in Febru- 
ary * lfH>l, 
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[Abbe, Oleveland.] The possibilities of long-range forecasts. (In U. S. 

Weatber bureau. Monthly weather review, 1894. v. 22, p. 380-331.) 
Abbe, Olevelaml. The present state of long-range forecasting. {In U. S. 

Weather bureau. Monthly weather review, 1899. v. 27, p. 156-157.) 

Review of Eropotkln's article In the " Nineteenth centnry " for March, 1899. 

[Abbe, Cleveland.] The temperature of May and of the year. (In U. S. 
Weather bureau. Monthly weather review, 1894, v. 22, p. 216-217.) 

Treats of the possibility of some connection between the temperature of any 
giyen month and the general temperature of the year, giving Illustrative data 
for several stations. 

[Abbe, Cleveland.] Weather cycles and farmers* almanacs. (In U. S. Weather 

bureau. Monthly weather review, 1908. v. 81, p. 138-140.) 
Ashley, Alexander McC. Long-range seasonal forecasts for the Pacific coast 
states. {In U. S. Weather bureau. Monthly weather review, 1901. v. 29, 
p. 16-19.) 
Bassett, Henry. Probable utility of salinity observations in the Irish Sea for 
long-range weather-forecasting. {In Quarterly journal of the Boyal me- 
teorological society, 1913. London, v. 89, p. 43-^.) 
BrandenburiT, F[rederlck] H. Seasonal forecasts. {In U. S. Weather bureau. 
Climate & crop service. Colorado section. Annual summary, 1899, p. 
4-6.) 

Investigations based on observations taken at Denver, Colorado, covering 
a period of 28 years. A summary of this article, with Mr. Brandenburg's 
tables, was published in the Monthly weather review, 1900, v. 28, p. 155; 
206-207. 

Slmer, Alton D. The temperature and rainfall departures at Hawaii, as dupli- 
cated In New Bngland sixty days later. {In U. S. Weather burean. 
Monthly weather review, 1908. v. 31, p. 63-64.) 

Garriott, E[dward] B. Long-range weather forecasts. Washington. 1904. 68 
p. 8\ (U. S. Weather bureau. Bulletin 35.) 

Garriott, E[dward] B. Long-range weather forecasts. {In U. S. Weather bu- 
reau. Proceedings of the 3d convention of Weather bureau ofDcials, held 
at Peoria, 111., September 20-22, 1904. p. 38-42.) 

Garriott, E[dward] B. A possible extension of the period of weather forecasts. 
{In U. S. Weather bureau. Monthly weather review, 1906. v. 34, p. 
22-23.) 

Treats of the correlation of American weather with preMure diatrlbntion in 
the '^centers of action.*' 

Hntchins, D. E. The cycle year, 1905, and the coming season. {In Agricul- 
tural Journal of the Gape of Good Hope, 1906. Cape Town. v. 28, p. 
98-105.) 

Abstract of paper read before the South African philosophical society, No- 
vember 29, 1005. A review of this abstract is given In the Monthly weather 
review, 1907, v. 36, p. 72-73, under the title "long-range seasonal forecasts for 
South Africa." 

McAdie, Alexander G. Forecasting on the Pacific coast {In U. S. Weather 
bureau. Monthly weather review, lj908. v. 36, p. 98-101.) 

With comments by the officials of the Forecast division of the Weather 
bureau. 

McAdie, Alex[ander] G. Seasonal forecasts. {In U. S. Weather bureau. Pro- 
ceedings of the 3d convention of Weather bureau officials, held at Peoria, 
111., September 20-22, 1904. p. 46-49.) 

[Moore, Willis L.] Long-range forecasts. {In U. S. Weather Bureau. Report 
of Chief, 190a-04, p. xill-xvii.) 
Same. {In U. S. Weather bureau. Monthly weather review, 1904. v. 32, 
p. 596-599.) 

Qoayle, E. T. On the possibility of forecasting the approximate winter rainfall 
for northern Victoria. Melbourne. 1910. 7 p. 2 pi. f**. (Australia, 
Commonwealth bureau of meteorology. Bulletin 5.) 

Wren, H. B. I^ong-range forecasts. {In U. S. Weather bureau. Climate & 
crop service. Report of Maryland and Delaware section, September, 1904, 
p. 3-4.) 
Same. (In U. S. Weather bureau. Monthly weather review, 1904. v. 82, 
p. 469-470.) 
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WKATHKB TTPE8. 

Bowie, Edward H., d Welghtman, R. Hpjisoil Types of stormB of the United 
States and their average movements. Washington. 1914. 87 p. 114 
charts, f**. (U. S. Weather bureau. Monthly weather review. Supple- 
ment no. 1.) 

Brandenburg, F. H. Facilities for systematic study of corresponding weather 
types. {In U. S. Weather bureau. Monthly weather review, 1901. t. 29, 
p. 546-^7.) 

Read before tbe Milwaukee conTention of Weather bureau oflicials, Aaguat 
28, 1901. 

Brown, W. V. A proposed classification and index of weather maps as an aid 
in weather forecasting. {In U. S. Weather bureau. Monthly weather 
review, 1901. v. 29, p. 547-«a) 

Craig, J. I. Types of weather in Egypt Alexandria. 1909. 8 p. plates. 4*. 
Reprinted from Cairo adentiflc Journal, March, 1909. t. 8, no. 30. 

Passig, Oliver Lanard. Types of March weather in the United States. (/« 
American journal of science, 1899. New Haven, Conn. 4th ser., v. 8, p. 
819-888.) 

Olassford, W. A. Weather types on the Pacific coast {In Bulletin of the Cali- 
fornia academy of sciences, 1886-1887, San Francisco, v. 2, p. 77-88, & 4 
charts.) 

Hanr.Hlgi Stanislav. Htiations between velocities of progression of lows and 
the areas of rising and falling pressure accompanying them, (/ti U. S. 
Weather bureau. Monthly weather review, 1906. v. 84, p. 205-209.) 

Jones, R. LI. A discussion of types of weather in Madras. Simla. 1906. 
53-72 p., incL 85 charts. 4"*. (Memoirs of the Indian meteondogical de- 
partment ▼• 20, pt 4.) 

X[imball], H. H. Classified weather types. {In U. S. Weather bureau. 
Monthiy weather review, 1901. v. 29, p. 562-568.) 

Bichardson, H. W. Composite and other arrangements of weather types. {In 
U. S. Weather bureau. Monthly weather review, 1908. v. 81, p. 68-70.) 

TT. 8. Weather bureau. Studies of weather types and storms by professors and 
forecast officials of the Weather bureau. Washington. 1895-96. 2 parts, 
r. (W. B. nos. 63 & 92.) 

Contents: 1. Types of storms in Janoary^ — 2, Storms in Tezas.—^. Coe- 
nection between sun spots and the weather. — 4. Lows north of Idaho and Moo- 



tember.— 6. Th<B barometric troughs of the Platean region. — 7, Hie h areas of 
the North Pacific coast in September, October, and November. — 8. Heavy snow- 
fSlls in the United States. — 9. High areas north of the St. Lawrence fmlley la 
October, November, and December. — 10. Cold waves on the middle Golf coast. — 
11. Weatlier forecasts in the State of MlssonrL 

Most of these papers were reprinted from the Montlily weathar rertow, 
1896, V. 28. 

Ward, Robert De C[ourcy]. The weather element in American climates. {In 
Annals of the Association of American geographers, 1914. [Washington, 
Ck>nn.] V. 4, p. 8-54, incl. 42 figs.) 

A stndy of weather types in the United States. 

ItnXCASnifQ FBOM AEBOLOGICAL OBSKSVATIONS. 

Bamler, K[arl]. Scientific ballooning and weather forecasts; translated bf 

A. G. McAdie, [from "lUustrierte aeronautische MittheUungen.'* 1908). 

{In U. S. Weather bureau. Monthly weather review, 1908. v. 86, p. 288- 

284.) 
Eddy, Wm. A. Bxperiments in weather prediction [based on kite obserra- 

tions]. (/» U. S. Weather bureau. Monthly weather review, 1899. v. 27. 

p. 96-97.) 
Henry, Alfred J. Temperature inversions at the Mount Weather observatory. 

{In U. S. Weather bureau. Bulletin of the Mt Weather observatory. 

Washington. 1906. v. 1. p. 148-160.) 

Discussed from the point of view of the forecaster. 
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Henry, Alfred J. The use of upper-air data in weatber foreca^Jng. {In 
Aeronautics. New York. May, 1908. p. 23-26.) 

Paper read at the International aeronautical congreea, 1907. 
Same, with slight changes and the addition of charts. {In U. S, Weather 
bureau. Bulletin of the Mount Weather observatory. Washington- 190S. 
V. 1, p. 58-^; charts iv-vi.) 

FOBECASTING FBOH CLOXTDa 

Oranger, Francis S. Weather forecasting by simple methods. Nottingham. 

1909. xii, 121p. S*. 

Forecasting by obBervation of sky and donda. 

McAdle, Alexander [Q.]. The utilization of cloud observations m looal and 
general weather predictions. {In Report of the International meteorologi- 
cal congress held at Chicago, 111., Aug. 21-24, 1898. U. S. Weather bureau. 
Bulletin 11. p. 21-25, & plate I.) 

Odenbach, Frederick L. Detailed cloud observations. A progre^tve phase in 
weather forecasting . (/n U. S. Weather bureau. Monthly weather review, 
1908. V. 81, p. 573-57a) 

Bichards, George W. Upper clouds and weather changes. {In U, S. Weather 
bureau. Monthly weather review, 1898. v. 26, p. lOe-107 & chart xiJ.) 

FOBECASTING OF SPECIAL PHENOMENA. 

Frost 

Allen, James. To foretell frost. Washington. 1882. 11 p. 8*. (U. S. Signal 

service. Signal service notes, no. 8.) 
Bartlett, James L. Frosts in Wisconsin: occurrence, prediction, and methwla 

of prevention, Madison, 1909. 43 p. 8*. (University of Wisconsin, 

BuUetin 290.) 
Beals, Edward A. Forecasting frost in the North Pacific states. WasliEnj^on. 

1912. 49 p. (including charts). 8^ (U. S. Weather bureaa BuUetin 

41.) 
Bonebright, J. B. Prediction of frost {In Idaho Agricultural experiment 

station. Bulletin 23. Moscow, Idaho. 1900. p. 136-142.) 
Chnrch, J[amesl E[dward], /r., d Fergusson, S. P. The avoidance and pre- 
vention of frost in the fruit belts of Nevada. Reno. 1912. 58 p. plates. 

8**. (Nevada agricultural experiment station. Bulletin 79.) 

"The forecasting of frost,*' p. 16-23; "Thermometers and froat alarms" 
p. 2a-26. 

Cox, Henry J. Frost and temperature conditions in the cranberry marshes of 
Wisconsin. Washington. 1910. 121 p. 4**. (U. S. Weather bureaiL 
Bulletin T.) 

Special data in connection with forecasting frost In the craobcrrT marftl^es, 
p. 92 ffg. 

Ckurrlott, E. B. Notes on frost ; revised by Alexander G. McAdle. Washington, 

1910. 32 p. 8*. (U. S. Department of agriculture. Farmers* bulletin 104.) 
Contains chapters on "How frost is formed,** "When to expect frost," etc. 

Hammon, W[illiam] H. Frost: when to expect it and how to lessen the injury 
therefrom. Washington. 1899. 37 p. 8'. (U. S. Weather bureau. Bul- 
letin 23.) 

LemstrSm, Selim. On night-frosts. Helsingfors. 1893. 78 p. plates. 4\ 
Acta Societatis scientiarum Fennicse, t. 20, no. 3.) 

"On forecasts of nlgh^frost,*' p. 53-56. 

Tirnham, Willis Hsbister]. A two years' study of spring frosts at WillinraB- 
town, Mass. {In U. S. Weather bureau. Monthly weather review, 1906. 
V. 36, p. 250-254.) 

InvestlgatloDs In the "prediction of minimum temperature f^om the pr^ 
ceding maximum," "Tariatlon of temperature differences over a Umltcd mnm," 
etc. 
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Strachan, Richard. Indications of approaching frost ilu Qtitirierly jouroal 
of the Royal meteorological society, 1908. London, y. a4< p. 47-50.) 

Fog. 

Bonnemeyer, B[emard].. Forecasting fogs on the Gulf coast tin U. S. 
Weather bureau. Proceedings of the 3d convention of Weatlier bureau offi- 
cials, held at Peoria, 111., September 20-22, 1904. p. 65-^.) 
Oreekt Britain. Meteoroloffical office. London fogs. Report of the Meteor* 
ological council upon an inquiry into the occurrence iiad dlstrlbutton of 
fogs fn the London area, during the winters of 1901-2 and 1002^, with ref- 
erence to forecasts of the incidence and duration of fogs in special local [* 
ties. London. 1904. 48 p. 8 pi. 4^ (Official no. 160.) 

Includes Lempfert's Report on the observations of the winter, 11K}2-^« 
> Alfred Carpenter's report, ** London fog inquiry, 1901-2/' was published nepa^ 

rately (London, 1903). 

Droughts, 

Archibald, E Douglas. Droughts, famines, and forecasts in India, (/a U, S. 
Weather bureau. Monthly weather review, 1900. v. 28, p. 240-248.) 

Reprinted from Symona's monthly meteorological ma^xtae for June and 
July, 1900. 

Dallas, W. L. The prediction of droughts in India. (In Itep<irt of the Inter- 
national meteorological congress held at Chicago, IlL, Aug. 21-24, 189& 
U. S. Weather bureau. Bulletin 11. p. 13-ia) 

ThunderstorvM and tornadoes, 

[Abbe, Cleveland.] The prediction of tornadoes and thunderstorms, {In U. S, 

Weather bureau. Monthly weather review, 1899. v. 27. p, 15&-160.) 
Congrer, N[ormanl B. Report on the forecasting of thunderstorms during the 

summer of 1892. Washington. 1893. 54 p. 6 charts. 8^ ( U. S. Weather 

bureau. Bulletin 9.) 
Borand-Grfiville, E. Squalls and the prediction of tornadoes. [Translated.! 

(U. S. Weather bureau. Monthly weather review, February, 1914. v. 42, 

p. 97-09.) 
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Action, centere of, relation to weather in the United States S4S-344 

Alberta lows 120-121 

Allobars, charts illuBtrating movement of 83 

conclusiona respecting 88 

cycle of 83 

defined 79 

division of illustrated 87 

formation of 80 

origin of 82 

position of, with respect to centers of highs and lows 81 

Anallobar , defined 79 

precede hig^ 89 

relation of, to hi^^ 86, 90 

to temperature forecasts 82 

Anticyclones. (See also Highs.) 

barometer level in 130, 134, 136, 180 

circulation of winds in 30 

types of: 

(1) permanent 80 

(2) semipermanent 64 

(3) migratory 64 

velocity of movement of 64 

wind velocity in 64,66 

Atlantic coast, fog frequency on, diagram of 266 

Atlantic highs, occurrence of, in connection with thunderstorms 277 

Atmosphere. (See alm> Winds.) 

eastward drift of in N. Lat. 30** 99 

Lake region 99 

general circulation of, Chapter II 33 

normal state of 33 

normal drift of interrupted 101 

Atmospheric motions, forces that modify 22 

general principles and theory of 16 

Barometer level in cyclones 94, 103, 112 

anticyclones 130,134,136,160 

Barometric tendency, defined - 79 

Heals, Edward A., contributes article on cold waves in Portland , Oreg. , district. 172 

on frost warnings in Portland, Oreg., district 211 

on forecasting weather and temperature in Portland, Oreg., 
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Bibliography 351-358 
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Bowie, Edward H., member of board, author of Chapter VIII 217 

long-range forecasts discussed, Chapter XIII 341 

and Weightman (R. H.)> work of cited 95 

quoted 107 

South Atlantic lows discussed by 125 

Brandenbuig, Frederick H., contributes article on cold waves in Denver dis- 
trict m 

on fix)6t warnings in Denver district 200 

on weather and temperature in Denver district . . 320 

Bulletin T (Weather Bureau), r^eum6 from 204-207 

Buynitzky, Miss Eleanor, bibliography by 361 

California, forecasting of frost in 214 

Centers of action, relation of, to weather in United States 34^-344 

Centrifugal effects, defined 19 

force, values of 24 

Charts. iJSu aUo Weather maps. ) 

auxiliary pressure change 77 

illustrating movement of aUobars 83 

pressure change 72 

four-hour 225-229 

temperature change 72 

used in forecasting temperature changes 315 

cold waves 155 

Chicago district, forecasts of temperature in 311-315 

weather in 299-310 

Chinook, or foehn («eeaZ»o Wind) 65 

occurrences of , in Chicago district 315 

Denver district 323 

Washington and Oregon 332 

Circular lows, movement of 100, 101 

Circulation, general, of atmosphere 33 

Cline, I. M., contributes paper on cold waves 170 

frost warnings 206 

weather and temperature forecasts. Chapter 

XII 317 

Clouds, rain precepts from 287 

Coberly (E. D.), convective rains, at New Orleans 113 

Col, the («<« Isobars) 75 

Cold waves 143 

charts used in forecasting of 165 
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frequency of 150 

geographic distribution of 150 
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influence of Great Lakes on 151 
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North Pacific district 172 

Plateau region 154 

South Pacific district 174 
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at Winnemucca, Nev 154 

types of 156-159 
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from December to February 43 

€k>lorado, or Middle Rocky Mountain lows 122 

Convectional theory 51 

Gonvective rains '. 113-115 

Ck)untercurrent theory 52 

Cox, Prof. H. J., member of board, author of Chapter VI 143 

Chapter VII 177 

Chapter XI 293 

contributes article on storm winds in Upper Lakes, Chapter 

VIII 248 

rule for rain in connection with general frosts 138 

regarding influence of temperature 138 

Cranberry marshes, frost forecasts for 203-207 

Crescent-shaped lows 93,94,304 

Cyclones. (See aUo Lows.) 

barometer level in 94, 103, 112 

duration of winds in 56 

eztiatropical, convection in 57 

defined 53 

direction of movement of 53 

direction of winds in 56 

frequency of 55 

hypotheses as to origin of— 

(1) convectional 51 

(2) driveneddy 52 

(3) countercuirent 52 

maximum frequency, locus of 53 

migratory 60 

velocity of travel of 55 

velocity of winds in. 67, 58 

geographic <ttigin of 70 

inception of wind circulation in 26 

permanent 59 

semipermanent 58 

relation of, to wind circulation, theory of— 

(1) nonrotating earth (first stage) 28 

(2) rotating earth (second stage) 28 

(3) rotating earth (third stage) 29 

(4) rotating earth, equilibrium stage 29 

tropical, and extratropical, distinction between 48 

tropical, defined 47 
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Cyclones, tropical, direction of travel of 49 

winds in 49 

energy of Mlil 

origin and maintenance of 4B 

place of occurrence of 48 

size and shape of 48 

velocity of travel of 49 

winds in 49 

Davis, Prof. (W. M.), diBcnssion of hypotheses as to origin of cydohes 52 

Deflective force, due to earth's rotation 18 

niimerical values of 24 

Denver district, toecasts of weather and temperature in 320-326 

cold waves in 171 

frosts in 209 

De vereaox, W. C . , prepaied Fig.30 89 

Dew point, relation of, to frost forecasting 202 

Dunwoody (lieut. H. H. C), work cited 231 

Depressions, V-shaped (see oZio Lows) 76,94 

East Gulf lows 126 

Eddies, (^ee Winds.) 

Eddy, driven, theory 62 

Espy (J. P.), rise of barcnneter as an indication of approaching storm 231 

Fassig, Prof. 0. L., work cited 233 

Florida, forecasting frosts in 190 

Foehn, or chinook. (See Winds.) 

Fog, defined 280 

frequency of, on Atlantic coast, diagram of 266 

Gulf coast, diagram of 269,270 

Pacific coast 273 

geographic distribution of 266 

meteorological conditions precedent to formation of 261-263, 268 

seasonal distribution of 261, 266 

Forecast districts, boundaries of. (See Frontispiece.) 

Forecasting. (See also under Cold waves. Frosts, High winds, Fog, Snofw, Sleet, 

Thunderstonns, Weather, and Temperature.) 
Frankenfield, Prof. Hany C., member of board, author of Chapter DC, article 

on storm winds in Chapter VIII. 
precept as to failure of rain in southwest tows.. . 283 

Frontiers, of Washington district 281-286 

Frost, and dewpoint, relation between dewpdnt and minimnm tempentuie of 

succeeding ni^t 202 

and median temp^ature, relati<m between 201 

charts of, in United States 180-186 

damage by 178 

forecasting of 196-199 

in California. 214 

cranberry manhee 203,207 

Florida 190 

Gulf coast region 191,208 

Northern sections 191 

North Pacific States 211 

Pacific coast districts 188 
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Fro0t, forecasting of, in Rocky Mountain region 194, 209 

Weet Gulf region • 208 

Wisconsin, in summer 195 

formation of 177 

occurrence of, effect of environment upon 179 

topography upon 186 

relation between nature of soil and 187 

reporting occurrence of, difficulties encountered ^!00 

Galveston, convectional showers at 114 

Garrlott, Edward B., cold waves, movement of 154 

long range weather forecasting 341 

movement of West India hurricanes 231-232 

rule regarding influence of temperature 138 

Glassford (Col. W. A.)t nile regarding influence of temperature 138 

Glossary 349 

Gradient velocity 21,221 

Gradients , barometric 350 

Great Basin highs 132 

forecasting value of 134 

Great Lakes, effect of, on lows and highs 298, 306 

influence of, on cold waves 151 

frosts 185,186 

Gulf Coast, fog, frequency on, diagram of 270 

Gulf Coast region, forecasting frost in 191,208 

Guilbert, Gabriel, rules for forecasting ^ 140 

Hammon, Prof. W. H., forecasts of 335 

TritTiy.H1r (S.), position of katallobars 81 

relation between pressure gradient and velocity of lows 98 

Heated spells, forecasting break in, Chicago district 314 

Henry, Prof. Alfred J., chairman of board, author of Chapters IV, V, and X; 

artide on Thunderstorms, in Chapter IX. 
High. {See also Anticyclones.) 

defined 71 

influence of, in blocking advance of low 107 

Highs, classified: 

(1) permanent 60 

(2) semipermanent 64 

(3) migratory 64 

Highs , in their temperature relations 1 35 

Atlantic, occurrence of thunderstorms In connection with 277 

continuous rise of pressure at center of 128 

disintegration of 136 

fast moving, configuration of isobars in: 

(1) circular or oval 130 

(2) wedge-shaped 130 

lastmoving, not associated with marked fall in temperature 129 

forecasting precepts from 139 

Great Basin 132 

forecasting value of 134 

Hudson Bay '. 135 

m-defined 96 

Lake region, of spring 134, 347 

laige central 347 
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Highfl, movement of 127, 159 

V and attendant predpitatioii 305 

as detennined by analloban 90 

in Chicago district 306 

in Lake region in spring 306 

in spring and autumn 195 

precipitation, in southwest quadrant of 187, 297, 300 

* on southern side of 286 

peeudo 130 

reenforced 130-131 

lelation of to anallobars 80 

stagnant weather conditions prevailing in 131-135 

trend of isobars in 137 

velocity of movement of 64 

well-defined 96 

wind droilation in 30 

velocity in 64, 65 

winter plateau 347 

with increasing pressure at center 130 

Hot spells, forecasting breaking up of 290-291,314 

Hot winds 31 6 

Hudson Bay highs 135 

Humidity, relative, a factor in frost prediction 203 

Humphreys, Prof. Wm. J., contributes Chapter II 33 

Hurricanes, West Indian, movement of 230-232 

Inversion. (See Temperature.) 

Isobars, trend of, as influencing precipitation 900-301 

temperature 137, 160 

types of, fundamental: 

(1) cyclone 76 

(2) secondary 75 

(3) V-shaped depression 76 

(4) anticyclone 75 

(5) straight isobars 76 

(6) col 76 

Katallobar 79 

forecasting precepts from 88, 80 

movement of 84,86,86 

position of center with reipect to center of low 84 

Kite flights, in connection with slow-moving low 108 

Lake region, eastward drift of atmosphere in 99 

highs, of spring 134, 347 

Long-range forecasts 841«847 

Lows. (iSee aZso Cyclones) » 71 

aleutian 69 

Icelandic.^ 68 

advance of, blocked by high over Canadian Maritime Provinces. 106, 107, 283 

blocked by rising pressure 97,106,283 

average speed of •7,98 

average track of, January 96 

July 96 

blocking of 107 
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Lows, chancteristics of, in Washington district 281-285 

circular, movement of 100-101 

classified: 

(1) Alberta 120-121 

(2) Central Group 122 

(3) Circular 101-101 

(4) Colorado, or Middle Rocky Mountain 122 

(6) Cresent-shaped 93, 94, 304 

(6) BastGuM 125 

(7) Northern Rocky Mountain 121 

(8) North Pacific 110-120 

(9) South Atlantic States 125 

(10) South Pacific States 119 

(11) Southwest 123-124 

(12) Texas 123, 124 

(13) V-flhaped depressions 75,93 

convection in 57 

deep y 93,94 

development ol, south of and between two highs ^ T 223 

a ridge of high pressure 224 

in southern end of barometric trough 224 

direction of winds in 56 

discussion of, by groups 110-126 

disintegration of 101 

"dry", in Oklahoma Ill 

duration of winds in 56 

erratic movement of 105, 106 

form of isobars in 75,93 

frequency of 55 

geographic origin of 70 

inception of wind circulation in 26 

increase or decrease in intensity of 222, 223, 229, 230 

intensity of, as affected by direction of movement 109-110 

long, oval-flhaped, movement of 101 

migratory 60 

movement of (fee aUo Slow moving lows and rapid moving lows) 94, 96, 

100,101,158,170,171,294 

movement of, as controlled by upper currents 95 

indicated by katallobars 89, 90, 96 

North Pacific, forecasting fnnn 119 

interrupted in advance inland 116 

path of, in May 118 

January 118-119 

pressure fall in, interrupted 116-117 

orographic control of movement of 103 

paths of slow-moving 105-107 

permanent 59 

precipitation in connection with Ill 

rapidly moving 98 

northern 100 

rising pressure in, control of movement by 97, 105, 108 

progress to northeast barred by 97, 105 

semipermanent 58 
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Lows, dow moving 101^ 102, 108, 104, 106 

South Atlantic, discunion of. 126 

epeed and direction of movement of, as indicated by surface obaerva- 

tiona 96, 97 

velocity of travel of 56 

wind circulation in, nonrotating earth 28 

rotating earth (second stage) 28 

(third stage) 29 

equilibrium stage 29 

wind velocity in 57, 58 

Martin, Howard H., rain forecasts for northeastern Texas 114 

Marvin, Prof. Chas. F., contributes Chapter 1 16 

Modena, Utah, cold waves at 154 

Mount Tamalpais, data of, in forecastmg 247, 338 

Weather, kite flights at 106 

Milham, Prof. (W. I.), quoted 62 

New England, cold waves in 169 

New Orleans district, forecasts of weather and temperature in 817-319 

cold waves in 170 

frosts in 206 

high winds in 239 

Nomenclature 79 

Northern Rocky Mountain region, lows of 121 

precipitation forecasts for 307 

Northers 233 

North Pacific forecast district, cold waves in 172 

frost warnings in 211 

weather and temperature fcMrecasts in 327 

high winds in 244 

highs and lows, action of , in 116-120 

O'Gara, P. J., dewpoint in frost forecasting 202 

Oklahoma, "dry" lows in Ill 

Pacific coast, fog frequency on 273 

forecast districts. (See Portland and San Francisco districts.) 

Pagoe, B. S., cited 329 

Plateau highs, of winter 347 

region, cold waves in 154 

Portland, Oreg., district, forecasts of: 

cold waves 172 

frosts 211 

high winds 244 

weather and temperature 831-383 

Precipitation, as conditioned upon level of barometer 112, 113 

associated with form of isobars 112 

coQvective i llS-116 

in the Southwest 114-115 

distribution of, with relation to thunderstorms 275 

forecasts of, slow to begin on warm side of a trough 138-139 

in northern Rocky Mountains 307 

in form of snow and sleet 306 

precepts from clouds 287 

occurrence of, in southwest quadrant of high 137 

on underside of high 286 
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Precipitation, occurrence of, u conditioned on movement of highs (in Chicago 

district) 305 

in form of snow or sleet 308 

connection with general frosts 138 

lows Ill 

northern Rocky Mountain r^ion 307 

relative position of low and high conducive to Ill 

Preesure, changes in, auxiliary charts of 77 

charts of, defined 72 

relation to temperature changes 73 

uncertainty in interpretation of 80 

four-hour charts of 225-229 

distribution of, a characteristic form in North Pacific lows 120 

as indicating development of lows 223 

relative to movement of lows 96,102,283 

occurrence of convecdve zains 113-115 

thunderstorms 275-276 

rising pressure blocking advance of lows 105, 107, 283 

with altitude 40 

fluctuations in: 

(1) periodic 77,78 

(2) nonperiodic 78 

gradient 20 

value of, in forecasting 24 

level of, in a cyclone, relation to clearing weather 344 

relations, as affecting weather in the United States 345 

Rain. {See Precipitation.) 

Convective 113-115 

Rocky Mountain region, forecasting frost in 194, 209 

Roseburg, Greg., barograph trace at 117 

Saddle, a form of barometric depression 75 

Sanding, of soil, effect of, on frost occurrence 187 

San Francisco district, forecasts in: 

cold waves 174 

frost 214 

high winds 246 

weather and temperature 335-339 

Seaswells 238 

Secondary ($ee also Isobars, fundamental types of) 75 

Shaw (Sir Wm. Napier), and Lempfert (R. G. E.), quoted 97 

Showers, convecticmal, at Galveston 114 

Sleet 257 

and snow, forecasts of 308 

geographical distribution of 258 

occurrence of, meteorological conditions favorable to 259-260 

or heavy snow, difference between antecedent conditions 256 

seasonal distribution of 259 

Slow-moving lows, kite-flight observations in connection with 108 

Smith, John W., contributes article on cold waves 169 

frost warnings 207 

Smith, J. Wanen., frost forecasting 202 

Snow cover, influence of, upon air temperatures 315 
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Snow, heavy, or sleet, difference between antecedent conditions 256 

forecasts of 308 

forecasting of 253,256 

meteorological conditions preceding 254 

seasonal distribution of 254 

Soil, character of, as contributing to occurrence of frost 187 

South Pacific forecast.district. (See San Francisco district.) 

Atlantic lows 125-126 

Southwest Iowa 123, 124 

Stewart, W. P., quoted 114 

Temperature, absolute minimum in United States 144-146 

as influencing precipitation 284 

changes, charts of, defined 72 

distribution, seasonal, with altitude 88 

in latitude and with altitude 40 

forecasts of, breaking up of hot spells 290-291, 314 

relation of, to anallobars 82 

forecasting changes in 135-136 

discussed by districts: 

Chicago 311-315 

Denver 323-326 

New Orleans : 318-319 

Portland 331-333 

San Francisco 338 

Washington 288-291 

summer 290-291 

winter 135,288,289 

use of charts in 316 

influence of, movement of highs on 313-314 

on horizontal pressure gradients 39 

of snow cover on 315 

inversion, at surface 260, 276 

between Mount Tamalpais and San Francisco 338 

nonnal, 8 a. m. third decade, January 147 

relatbn between that of air and vegetation 179 

of pressure changes to 72-73 

of, to precipitation 304 

value of, in forecasting path of lows 138 

Temperatures, mean land and water 267, 271 

high, on south side of trough, inimical to precipitation 138 

night, variation in 200 

Tendency, barometric, defined 79 

Terminology 74 

Texas lows 123,124 

Texas, rain forecasts for northeastern 114 

Thermometer exposure, influence of, upon recorded temperatures 152 

Thunderstorms 274-278,310 

diurnal variation in 275 

generated by excessive temperature and high humidity 277 

\ in connectbn with Atlantic highs 277 

in winter 278 

relation of, to pressure distribution 275 

seasonal and geographic distribution of 275 
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ToTDadoee (aee also Wmda) 66,310 

cause of 67 

why peculiar to United States 68 

Tioughs, barometric, immature, defined 100 

precipitation slow to begin on warm side of 13S-139 

rapid movement of 99-100 

Upper air currents, control of movement of lows by 95 

Upper Lakes, storm winds on : 248 

V-shaped depressions 75-93 

Walz, Prof. F. J., application of Guilbert's rules to forecasting 140 

WamiDgs, cold wave, effect of variation in verification 153 

verification of 145 

frost, when required 203 

storm, basis of issue of 218 

details to be given in 219 

time of display of 218 

Washington forecast district, forecasts in. {See Cold waves, Frosts, Heavy snow. 
High winds, Thunderstorms, Weather and temperature.) 

Washington forecast district, general characteristics of lows in 281-285 

frontiers of 281 

Water, effect of, upon air temperatures 151, 185 

Waterspouts : 68 

Weather Bureau Bulletin T, r^sum^ from 204-207 

Weather and temperature, forecasts of, by districte: 

Chicago 293 

Denver 320 

New Orleans 317 

Portland, Oreg 327 

San Francisco 335 

Washington 279 

Weather and temperature, forecasts of definition of terms and periods used 279 

long range 341-347 

seasonal influences in 280 

Weather forecasting, synoptic weather charts bafiis of all 69 

preliminary statement 69 

map, description of 25 

issue of storm warnings based on 69 

Wedge-shaped isobars. (See Isobars and highs.) 

Weekly weather forecasts, sample of 342 

West Gulf region. (See New Orleans forecast district.) 

Willson, Geo. H., contributes article on cold waves in San Francisco district. . 174 

frost warnings in San Francisco dis- 
trict 214 

weather and temperature forecasts in 

San Francisco district 335 

Wind systems, cyclonic and anticyclonic 25, 32, 49, 64, 220 

Winds, antitrade 46, 47 

character of, at different altitudes 16 

Chinook, or foehn 65, 332 

direction and velocity of, automatic adjustment of 21 

Doldrums, seasonal, latitude, limits of 46 

equatorial, direction of 41 

33692—16 ^24 
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Winds, force of, Beaufort scale 221 

forces that cause and mod ify 17, 22 

general changes in, with elevation 83,34 

gradient-velocity, defined — i 21 

high. (See Warnings, storm.) 

hot 316 

hurricane. (See Hurricanes.) 

monsoon 42,43 

planetary 33 

relation of, to forecasting weather and temperature 139 

seasonal velocities, withaltitude 37 

secondary, classified: 

(1) eddies 65 

(2) foehn, or chinook 65 

(3) tornadoes 66 

stonn, Atlantic coast 235-237 

Great Lakes 231,248,252 

Gulf 239,241 

Pacific coast 244, 248 

increase or decrease in intensity of 218, 222, 223 

trade, seasonal latitude limits of 45, 46 

velocity of, at different elevations 17, 35, 36 

in anticyclones 64, 65 

in connection with barometric gradients 140, 222 

latitude of greatest 41 

relation of, to latitude 17 

season of greatest 41 

Winnemucca, Nev., cold waves in 154 

Winnipeg, Manitoba, weather statistics for 133 

Wisconsin, forecasting summer frosts in 195 

Zones, cold wave, for verification 43 

o 
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